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PREFACE. 


1HAVE  fpared  no  pains  in  collecting  materials 
for  the  Treatife  I  now  prefent  to  the  world  : 
I  have  condenfed  thofe  materials  into  one  volume, 
with  more  labour  than  I  might  have  employed  in 
diflributing  them  into  two  or  three  :  and  I  have 
printed  it  on  a  page  unufually  full,  at  the  fame 
time  that  I  have  revived  an  ancient  and  ufeful 
practice  of  annexing  fide  notes  and  references ; 
which  I  believe  has  fallen  into  neglect,  becaufe 
it  requires  great  care  in  the'  author,  uncommon 
attention  in  the  printer,  and  adds  to  the  expences 
incurred  by  the  publiflier. 

If  the  work  fhould  not  therefore  prove  to  be  fo 
ufeful  as  my  intention  ciefigned  it,  the  defects  will 
have  arifen  chiefly  from  a  want  of  that  ability, 
which  he  who  has  it  not,  can  by  no  exertion  attain. 
The  attempt  itfelf  is  a  proof,  however,  that  I  in- 
dulge expectations  of  a  very  different  kind. 
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I  believe  I  fcarcely  need  remind  the  man  of 
fcience,  that  the  great  number  of  labourers  in  the 
chemical  examination  of  bodies,  has  rendered  it  a 
difficult  taik  to  collect  the  various  fads,  which  lie 
distributed  in  the  acts  of  academies,  and  a  variety 
of  literary  journals.  It  is  not  very  eafy  to  procure 
thefe  books  :  and  the  perufal  of  them  produces  a 
voluminous  table  of  references ;  in  which  fome 
things  may  be  overlooked,  even  when  noted.  A 
certain  degree  of  imperfection  muft  arife,  in  every 
general  treatife,  from  this  caufe.  I  have  endea- 
voured to  diminim  it  as  much  as  poflible. 

In  treating  of  facts  long  fince  eftablifhed,  and 
fuch  whofe  difcoverers  are  unknown  to  me,  I  have 
not  quoted  my  authors ;  for,  though  I  would  gladly 
do  juftice  to  all  claims,  yet  the  inveftigation  of 
chemical  hiftory  is  foreign  to  the  object  of  my 
prefent  purfuit.  Whenever  I  have  quoted,  it  is 
to  be  underftood  that  the  authors  are  worthy  of 
credit  and  refpect  and  that  the  reader  will,  in 
almoft  every  inftance,  find  his  advantage  in  con- 
fulting  them  for  a  fuller  account  of  the  fubject.  But 
I  have  quoted  thefe  only  when  it  appeared  necefTary 
either  to  complete  the  information  intended  to  be 
conveyed,  or  to  clear  myfelf  from  feeming  to  lay 
claim  to  their  difcoveries. 

With  regard  to  nomenclature  and  theory,  I 
have  attempted  to  keep  clear  of  every  fyftem.  I 
have  called  things  by  fuch  names  as  are  mod  in 
ufe,  except  where  the  ufual  name  pointed  too  evi- 
dently 
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dently  at  theories  either  long  fince  exploded,  or 
not  yet  proved  :  and  in  the  relation  of  fads  I  have 
found  it  much  lefs  difficult  to  exclude  theoretical 
alluiions  than  I  at  firft  apprehended,  when  I  formed 
the  determination  of  confining  the  theory,  for  the 
moft  part,  to  the  ends  of  chapters.    It  would  be 
very  advantageous  to  fcienceif  this  refolution,  which 
I  have  adhered  to  with  my  beft  endeavours,  were 
more  generally  adopted.    I  do  not,  however,  wifh 
to  be  thought  blind  to  the  advantages  of  an  uniform 
nomenclature,   or  a  confiftent  theory ;    but  muft 
urge  my  conviction  that  the  former  ought  to  be 
founded  on  the  moft  incontrovertible  fads  only, 
becaufe  the  nomenclature  of  any  mere  theory  may 
be  productive  of  worfe    confequences   than  the 
moft  confufed  fet  of  terms  can  poffibly  occafion. 
The  fyftemizing  of  words,  inftead  of  things,  is  the 
fruitful  fource  of  paralogifm ;   and  it  is  by  falfe 
reafoning  of  this  kind  that  a  well-methodized  hypo- 
thefis  may  be  fupported,  long  after  the  pretended 
fads  are  overthrown  upon  which  it  was  originally 
built.    Upon  the  two  theories  of  chemiftry  I  have 
fpoken  like  one  who  admits  neither  in  any  other 
way  than  as  probable  fuppofitions,  which  have  not 
yet  been  experimentally  eftablimed.    The  logic  of 
the  managers  of  the  controverfy  for  and  againft 
phlogifton,  appears  to  me  to  be  exceedingly  defedive 
in  a  great  number  of  inftances.    The  exiftence  of 
this  chemical  element  is  indeed  very  far  from  being 
well  afcertained ;  but,  on  the  other  hand,  there  are 
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many  difficulties  which  attend  the  confideration  of 
chemical  facts  without  it.  As  I  think  the  anti- 
phlogiftic  hypothefis  equally  probable  with  the  mo- 
dified fyftem  of  Stahl,  and  more  especially  as  the 
excellent  works  of  a  number  of  French  chemifts 
are  written  in  the  language  of  that  hypothefis,  I 
Jiave  judged  it  proper  to  explain  both.  And  this 
I  have  endeavoured  to  do  in  fuch  a  way,  as  to  create 
in  the  chemical  ftudent  an  habit  of  fteadily  and 
calmly  attending  to  the  operations  of  nature ;  in- 
flead  of  indulging  that  hafty  difpofkion  for  theoriz- 
ing, which  indeed  might  pafs,  on  account  of  its 
evident  impropriety,  without  any  earneft  cenfure, 
if  we  had  not  the  mortification  to  fee  it  too  much 
practifed  by  men  entitled  to  the  belt  thanks  of  the 
fcientiiic  world,  and  on  that  account  poffcffing 
greater  power  to  miflead. 

London, 
Jan.  25,  1790. 

I  HAVE  carefully  revifed  the  fecond  Edition  of 
this  Work  :  the  new  difcoveries  are  inferted ;  and 
no  exertions  have  been  fpared  to  render  it  worthy 
of  the  diftinguifhed  approbation  it  has  met  with, 

London, 
Nov.  10,  1 791. 
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EMENDA- 


EMENDATIONS  and  ADDITIONS. 


I 


HAVE  not  obferved  any  error  of  the  Prefs  but  fuch  as  the 
fenfe  of  the  context  will  obvioufly  tend  to  re&ify. 


In  the  Chapter  on  Nitrous  Acid  I  have  omitted  to  infert  an 
account  of  the  very  important  difcovery  of  the  Rev.  Ifaac  Miner, 
B.D.  F.R.S.  infertcd  in  the  LXXIXth  vol.  of  the  Philofophical 
Tranfactions.  This  gentleman,  finding,  as  well  from  his  own  ex- 
periments as.thofe  of  others,  that  volatile  alkali  is  afforded  in  various 
inltances  of  the  application  of  nitrous  acid  to  metals  (fee  page  336 
©f  the  following  treatife),  was  almofl  immediately  llruck  with  the 
notion,  that  the  pvocefs  might  be  inverted.  That  is  to  fay,  as 
thejphlogiiticated  air  of  nitrous  acid,  when  made  to  combine  with.  [J 
inflammable  air,  affords  volatile  alkali ;  fo,  on  the  contrary,  if 
vital  air  could,  by  any  effect  of  the  chemical  affinities,  be  made  to 
engage  with  the  phlogicated  air  of  volatile  alkali,  while  the  other 
principle,  namely,  the  inflammable  air,  fhould  be  either  retained 
or  difengaged,  the  refult  of  fuch  an  engagement  or  combination 
would  be  the  nitrous  acid  in  fome  of  its  modifications.  For  this 
purpofe,  he  crammed  a  gun-barrel  full  of  mangancfe  in  coarfe 
powder,  which  fubftance  is  known  to  afford  vital  air  by  heat,  an 
to  one  end  of  this  tube  he  applied  a  retort  containing  the  cauiti 
volatile  alkali.  Heat  was  then  applied  to  the  gun-barrel,  and 
as  foon  as  it  was  ignited,  he  placed  a  candle  beneath  the  ret 
which  caufed  the  volatile  alkali  to  boil,  and  pafs  through  th 
gun-barrel  in  the  form  of  alkaline  air :  the  confequence  was,  tha 
nitrous  air  was  emitted  at  the  other  end  of  the  tube. 

He  likewife  repeated  the  experiment  with  fuccefs ;  ufing  martia 
vitriol  calcined  to  whitenefs,  inftead  of  manganefe.    The  who 
paper  is  highly  deferving  the  attention  of  chemifls. 
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(    xxxi  ) 

tn  the  fourth  Chapter  of  the  firft  Book  of  this  Work  I  had 
obferved  in  a  note,  that  very  complete  fcts  of  fmall  apparatus  for 
experiments  with  the  blow-pipe,  and  with  fmall  retort*  and  re- 
ceivers, were  fold  in  London,  under  the  infpe&ion  of  Mr.  Ma- 
gellan, by  Brown,  Bookfeller,  Effex-ftreet,  in  the  Strand.  The 
death  of  that  worthy  and  active  philofopher  induced  me  to  cancel 
the  note  in  the  prefent  Edition  j  but  as  Mr.  Brown  has  lince 
acquainted  me  that  he  has  a  confiderable  number  of  fets  remain- 
ing, I  think  I  (hall  do  a  fervice  to  the  chemical  ftudent  by  repeat- 
ing the  information  in  this  place. 
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C  H  A  P.  I. 

GENERAL  OBSERVATIONS  ON  CHEMISTRY,  AND  THE 
MEANS  BY  WHICH  ITS  OPERATIONS 
ARE  PERFORMED 

CHEMISTRY  may  be  confidered  either  as   a  general 
r  ■                                         A         r  '                       l  •    r\    '     ,  OBSERVAT. 
tcience  or  an  art.    As  a  icience,  its  object  is  to  v  

leftimate  and  account  for  the  changes  produced  in  Chemiftryde- 
-  bodies  by  motions  of  their  parts  which  are  too  minute 
I -to  affect  the  fenfes  individually.    As  an  art,  it  confifts 
in  the  application  of  bodies  to  each  other,  in  fuch  fitua- 
j  tions  as  are  beft  calculated  to  produce  thofe  changes. 

The  operations  of  chemiftry  are  either  analytical,  Analyfis. 
when  compounded  bodies  are  refolved  into  their  fim- 
plcr  parts  or  fynthetical,  when  fimple  bodies  are  united  SyntheSa, 
fo  as  to  form  a  compound.  The  former  operation  is 
called  decompofition  and  the  latter  compofition,  or 
combination.  There  are  few,  and  perhaps  no  che- 
mical proceffes,  in  which  one  of  thefe  effects  takes 
I  place  without  the  other.  . 

Heat  expands  folids,  then  renders  them  fluid,  and 
ktfterwards  converts  them  into  vapour j  and  thefe 
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changes  fucceed  each  other  as  the  intenfity  of  the  he 
is  rendered  greater.  There  are  many  bodies  not  fuf- 
ceptible  of  all  thefe  changes :  but  it  is  highly  pro 
bable  that  this  is  owing  to  our  want  of  power  to  pro 
duce  a  fufficient  degree  of  heat  or  coldhefs,  and  no«| 
to  the  peculiar  nature  of  the  bodies  themfelves. 
Anaryfisbyhear.*  The  heat  required  to  render  different  bodies  fluids 
or  elaftic,  being  different,  affords  a  method  of  fepa«j| 
rating  the  parts  of  compound  bodies.  If  one  part  ojfl 
a  compound  body  be  rendered  fluid,  while  the  other 
remain  folid,  the  former  will  flow  into  the  lower  pa 
of  the  containing  veffel,  and  leave  the  pores  of 
latter  empty  :  or  if  one  part  be  converted  into  va 
pour,  it  will  rife  and  fly  off,  leaving  the  other  part* 
whether  folid  or  fluid,  in  the  veffel.  Thus  when 
mixture  of  lead  and  copper  is  expofed'  to  a  gradu 
heat,  the  lead  melts  firft,  and  leaves  the  copper.  An 
if  a  mixture  of  water  and  fait  be  heated,  the  wat 
.being  converted  into  vapour,  flies-  off,  and  leaves 
fait  behind, 

-All  the  parts  of  bodies  attract  each  other.    It  is  n 
neceiTary  in  this  place  to  enquire,  whether  that  attra 
tion  which  caufes  bodies  to  gravitate  or  have  weig! 
and  by  the  energy  of  which  the  great  motions  of 
planetary  fyftems  are  governed,  be  the  fame  as  the 
traction  which  caufes  their  parts  to  adhere,  and  gi 
them  firmnefs  or  folidity.    Ft  is  enough  that  obf< 
vation  has  not  yet  eltablifhed  the  truth  of  this  p 
pofition  ;  and,  confequently,  it  will  be  proper  to  cc 
fider  the   attraction  that  is  perceived  to  obtain 
chemical  operations,  as  a  diitiuft  property  of  matter 
The  attractions  which  are  obferved  in  chemift 
are  not  found  to  U»*e  efficacy  at  any  fenfible  diftai 
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etween  the  parts;  but  doubtlefs,  like  the  attractions  cekeral 

f  gravity,  magnetifm,  and  electricity,  they  are  ftronger  ^"l!*-^ 

he  lefs  the  diftance.    The  rigidity  and  permanent  Chemical  at- 

3rms  of  folid  bodies  prevent  many  of  the  parts  of  two   a  lons 

;veral  bodies  from  coming  near  each  other :  for  which 

eafon,  very  little  change  is  in  general  produced  by 

heir  mutual  action,  even  in  the  moll  favourable  cafe, 

vhen  powders  are  mixed  together.    But  when  one 

r  both  of  the  bodies  is  heated  fo  as  to  become  fluid, 

he  particles  eafily  move  among  each  other,  and  can 

nore  readily  obey  the  attractions  which  exift  between 

heiru    Hence  it  has  been  conftdered  as  a  chemical  —aft  by  means 

of  heat 

ixiom,  that  bodies  do  not  act  on  each  other,  unlefs  one 
»f  them  be  fluid. — This  afiertion  is  liable  however  to 
he  exception,  that  folid  bodies  will  combine  at  a  tem- 
perature too  low  to  render  either  of  them  fluid,  pres- 
ided it  be  high  enough  to  fufe  the  compound  they  form. 
Thus  ice  and  fait  will  combine  at  a  much  lower  tempera- 
ure  than  would  liquefy  either  alone,  if  the  temperature 
>e  not  fo  low  as  to  freeze  the  brine  they  form  by  uniting. 

The  whole  art  of  the  chemift  therefore  confifts,  Art  oftheche- 
:ither  in  feparating  the  parts  of  bodies  by  the  appli-  mift' 
:ation  of  heat,  or  in  placing  them  fo  that  the  order  of 
trrangement  of  their  parts  may  be  changed  by  virtue 
}f  their  feveral  attractiohs,  aflifted  by  heat  fufheient  to 
:ufe  one  or  more  of  them,  or  at  leaft  fuffic'.ent  to  pro- 
duce fufion  in  the  compound. 

'Since  the  order  of  arrangement  of  the  parts  of  bodies  Eicclivc  attrac- 
ts changed,  when  the  chemical  attractions  are  per- 
mitted to  act,  by  a  due  fituation  of  bodies  with  refpect 
to  each  other ;  it  clearly  follows,  that  the  attraaion 
between  fome  kinds  of  bodies  is  ftronger  than  between 
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general    others.  This  difference  was  formerly  fuppofed  to  proceel 
^qbskrv     4   £rom  a  {Jmiiitude  between  the  attracting  bodies,  and  ftp 
that  reafon  the  attraction  has  been  called  the  chemic 
affinity  of  bodies.    But  the  term  elective  attraction 
at  prefent  more  generally  ufed  to  denote  this  propert 
Dry  and  humid      Though  the  operations  with  bodies  that  require 
way.  verv  ftr0ng  heat  to  render  them  fluid,  do  not  effe 

tially  differ  from  thofe  which  are  made  with  fuch  b 
.dies  as  are  fluid  at  the  ufual  temperature  of  the  q 
jnofphere ;  yet,  as  the  apparatus  for  producing  ai 
maintaining  the  heat  in  the  former  cafe  is  unneceffa| 
in  the  latter,  it  is  found  convenient  to  diftinguifh 
two  methods  by  different  appellations.  Operati 
made  with  bodies  habitually  folid,  which  of  coui 
require  to  be  acted  on  by  a  ftrong  heat,  are  faid  to 
made  in  the  dry  way  ;  but  operations  wherein  a 
fubftance  is  employed  which  is  habitually  fluid, 
faid  to  be  made  in  the  liquid,  humid,  or  moiit 
No  diftinctive  appellation  has  yet  been  generally  d 
opted  for  operations  made  with  elaitic  fluids  3  thou| 
fome  call  this  the  pneumatic  method. 
Term*  of  art.       In  every  fcience  or  art  there*  are  many  tilings  whi 
require  to  be  frequently  mentioned.    If  thefe  w< 
defcribed  as  often  as  they  are  mentioned,  it  is  obviq 
that  a  great  lofs  of  time  would  follow  ;  and  no  adv3 
tage  would  be  gained  in  perfpicuity,  becaufe  thefe  j 
fcriptions  would  continually  divert  the  mind  from  ji 
leading  object.    For  this  reafon  it  is  abfolutely  nedl 
Jfary  to  exprefs  fuch  things  by  fingle  words  or  ten); 
which,  when  once  understood,  may  always  afterwaji 
be  ufed  in  the  fame  fenfe.    Thefe  will  be  explained  > 
following  treatife  as  they  occur. 
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ON  HEAT. 

HP  HE  fenfations  expreffed  in  common  language  Heat. 
*  -*■  by  the  words  heat  and  coldnefs,  are  of  too  fim-  Jj~j^v^' 
tie  a  nature  either  to  require  or  to  admit  of  definition,  heat. 
Thcfe  words,  however,  are  not  always  ufed  to  denote 
:  :he  fame  things  •,  but  are  indifcriminately  applied  both 
:o  the  fenfation  itfelf,  and  to  that  which  caufes  it.  Thus 
w  e  fay  that  we  ourfelves  are  hot  or  cold,  and  that  the 
fire  or  ice  which  heats  or  cools  us  is  likcwife  hot  or 
gold,  though  the  fenfations  wc  experience  are  certainly 
jcry  different  things  from  that  which  enables  bodies 
to  excite  them.  It  may  alfo  be  remarked  that,  in 
his  ambiguous  manner  of  fpeaking,  there  is  another 
-aufe  of  uncertainty,  that  arifes  from  the  ufc  of  a  vari- 
able ftandard  of  comparifon.  Every  one  knows  that 
the  eftimate  of  heat  or  coldnefs  differs  in  various 
perfons,  becaufe  each  forms  his  judgment  from  his 
own  fenfations  :  and  the  fame  body  may  appear  hot  to 
one  perfon,  and  cold  to  another,  or  to  the  fame  perfon 
at  different  times ;  thoijgh  the  variation  is  not  in  the 
body  itfelf,  but  in  the  ftate  of  the  perfons  in  whom  th.ofe 
fenfations  are  excited.  Hence  it  appears  necefiary,  in 
order  to  avoid  error  in  the  purfuit  of  enquiries  con- 
cerning heat,  that  the  fenfe  of  the  words  made  ufe  of 
fliould  be  accurately  defined  ;  and  that  fome  fixed  ftand- 
ard of  comparifon  be  referred  to  inftead  of  the  human 
body,  which,  though  fixed  enough  for  the  common 
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CAUSE  OF  TEMPERATURE  AND 


HEAT. 


<  ^ 


Word  heat. 


'Temperature. 


|  Caufe  of  tempe- 
rature. 


Common  tem- 
perature. 


affairs  of  life,  is  certainly  not  enough  fo  for  the  pur* 
pofes  of  fcience. 

The  word  heat,  in  a  philofophical  fenfe,  is  ufed  to 
denote  the  caufe  of  the  power  which  bodies  poflefs  of 
exciting  the  fenfations  of  heat  or  coldnefs. 

The  word  temperature  denotes  the  ftate  of  the  body 
with  refpect  to  that  power.    So  that  a  body  whicl 
excites  a  more  intenfe  fenfation  of  heat  or  coldnefsj 
than  another  body,  is  faid  to  poflefs  a  higher  or  lowe 
temperature. 

It  has  not  yet  been  determined  in  what  heat  itfelf 
or  the  caufe  of  temperature,  confifts.    Two  opinion 
have  long  divided  die  fcientific  world.    One  is,  tha 
heat  confifts  of  a  peculiar  motion  or  vibration  of  th 
parts  of  bodies,  fo  that  the  temperature  is  higher  th 
ftronger  the  vibration :  the  other  is,  that  heat  is 
fubftance  or  fluid,  whofe  greater  or  lefs  quantity  pr 
duces  a  higher  or  lower  temperature.    Though  th 
decifion  of  this  great  queftion  is  highly  deferring  o 
the  attention  of  philofophers,  yet  it  will  not  be  ne 
celTary  to  confider  its  merits  in  this  place ;  and  thai 
more  cfpecially,  as  the  doubts  refpe&ing  it  will  not  im 
pedc  our  reafoning  concerning  fuch  phenomena  as  an 
well  known.    For  fmce  effects  are  proportioned  t< 
their  adequate  caufes,  we  may  fpeak  of  the  quantities 
of  heat  in  bodies,  without  deciding  whether  they  b|j 
quantities  of  motion  or  quantities  of  matter ;  the  relaj 
tions  of  thofe  quantities  to  each  other,  and  not  the^ 
peculiar  nature,  being  the  chief  object  of  our  re 
fearch. 

Two  bodies  which,  when  in  contact,  neither  impa 
nor  receive  heat  from  each  other,  are  of  the  fame  te 

peratur 
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perature.    All  bodies,  therefore,  which  by  dire £t  or  heat. 
fucceflive  contact  communicate  with  each  other,  mud  *       v    '  J 
either  have  the  fame  temperature,  or  the  hotter  will 
communicate  heat  to  the  others,  tiil  a  common  tem- 
perature is  produced  amongft  them. 

I  The  difpofition  or  power  of  quickly  tranfmittlng  Conductors  ef 

*       i  i     r.  •  r  -  heat. 

I  heat  m  the  production  ot  a  common  temperature,  is 
not  the  fame  in  different  bodies.    If  a  number  of 
ftraight  wires  of  equal  lizes,  but  different  metals,  be 
covered  each  with  a  thin  coat  of  wax,  and  their  ends 
be  all  plunged  in  the  fame  heated  fluid — for  example, 
melted  lead — the  fufion  of  the  coat  of  wax  will  fhew 
that  heat  is  more  quickly  transmitted  through  fome 
metals  than  others.    Thus  alfo  it  is  found,  that  the 
end  of  a  glafs  rod  may  be  kept  red-hot  for  a  very  long 
time,  without  any  inconvenience  to  the  hand  which 
holds  the  other  end  ;  though  a  fimilar  metallic  rod, 
heated  in  the  fame  manner,  would  very  foon  become 
too  hot  to  be  held.    Bodies  that  quickly  alter  their 
temperature  by  communication,  are  faid  to  be  better 
ccndu<flors  of  heat  than  fuch  as  alter  more  flowly. 
/  The  general  effects  of  a  change  of  temperature  are  Solid,  fluid,  and 
thefe  : — A  folid  is  rendered  fluid  by  an  increase  of  ^0!0JS 
temperature,  and  a  Mill  greater  increafe  converts  it  into 
elaflic  fluid  or  vapour.    If  the  body  be  compofed  of 
parts  which  become  folid,  fluid,  or  vaporous,  at  diffe- 
rent temperatures   and  the  elective  attraction  by  which 
thofe  parts  arc  held  together  be  infufheient  to  prevent 
their  afium'ing  thofe  flatcs  by  the  change  of  tempe- 
rature, a  feparation  will  then  take  place :  thus  a  dimi- 
nifhed  temperature  feparates  many  falts  from  water,  by 
their  becoming  folid  •,  and  an  increafed  temperature  fe- 
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heat.  parates  water  from  falts,  by  caufing  the  former  to  fly 
Expanf»n  by  '  m  vaPour«  Laftiy,  if  neither  the  change  of  tempe--, 
heat-  rature  be  confiderable  enough  to  alter  the  ftate  of  foli- 

dity,  fluidity,  or  vapour,  which  the  body  under  confide-? 
ration  may  happen  to  poffefs;  nor  the  body  itfelt  be  of 
that  nature  as  to  undergo  a  feparation  of  its  parts  by 
the  change  •,  then  an  increafe  of  temperature  will 
caufe  an  increafe  in  the  bulk  or  dimenfions  of  the 
body,  which  will  laft  no  longer  than  during,  the  time 
of  the  increafe. 

Change;  by  heat     It  has  already  been  obferved,  that  the  temperature 

do  not  follow  the 

denfuy,  &c.  of  at  which  different  bodies  change  their  form,  is  va- 
rious. Neither  this  property,  nor  the  expanfions  of 
bodies  by  heat,  have  been  obferved  to  have  any  cor- 
refpondence  with  their  denfity,  hardnefs,  fpecifk  gra^ 

Irregularities,  vity,  or  other  evident  properties.  There  are  likewiie 
fome  irregularities  in  the  contraction  or  expanfion, 
which  depend  on  circumftances  not  yet  well  afcer- 
tained,  near  the  freezing  point  of  water,  and  probably 
other  fubflances.  Pure  water,  when  cooled,  is  obferved 
to  contract  till  within  about  8  degrees  of  the  freezing 
temperature,  where  it  begins  to  expand  ;  and  it  mny  be 
cooled  u°  below  that  temperature,  and  Hill  continue 
fluid.  An  adequate  explanation  of  the  circumftances  ! 
that  attend  the  converfion  of  bodies  from  their  feveral 
ftates,  of  folidity,  fluidity,  and  vapour,  feems  to  pro- 
mife  a  more  intimate  acquaintance  with  the  nature 
and  properties  of  the  particles  of  bodies  than  has  hi- 
therto been  obtained. 

fclaftic  fluids.  Permanently  elaflic  fluids,  or  airs,  appear  to  differ 
from  vapour  in  the  circumftance  that  they  take  and 
retain  the  clallic  form  at  a  lower  temperature.  There 

are 


QUANTITIES  OF  HEAT. 

are  facts  which  render  it  probable,  from  analogy,  that 
a  great  degree  of  cold  would  convert  them  into  denfe 
fluids. 

It  is  a  felf-evident  truth,  that  if  two  bodies  be  per-  g^^^J 
feclly  equal  and  alike  in  all  refpecls,  and  have  the  fame 
temperature,  they  will  poflefs  equal  quantities  of  heat. 
Thus,  a  pound  of  gold  will  poflefs  an  equal  quantity 

.  of  heat  with  another  pound  of  gold,  at  the  fame  tem- 
perature a  pound  of  water  will  poflefs  an  equal  quan- 
tity of  heat  with  another  pound  of  water,  at  the  fame 

:  temperature-,  and  fo  forth.    From  this  it  will  alfo  be 

.  clear,  that  two  pounds  of  gold  will  poflefs  twice  as 
much  heat  as  one  pound  of  gold,  at  the  fame  tempe- 
rature ;  and,  generally,  that  the  quantities  of  heat  in 
bodies  of  the  fame  kind,  and  at  the  fame  temperaturer 
will  be  in  proportion  to  their  quantities  of  matter  or 

:  their  weights. 

If  two  fuch  equal  and  fimilar  bodies,  that  differ  in  — differing  m 
:  temperature,  be  brought  together,  they  will  by  commu-  temPerature 
nication  acquire  a  common  temperature,  and  their  quan- 
tities of  heat  will  by  that  means  be  rendered  equal.  For 
this  purpofe  it  is  clear  that  the  hotter  of  the  two  bodies 

muft  have  communicated  half  its  excefs  to  the  cc^er  : 
I  t 
i  the  quantity  of  heat  in  one  of  thefe  two  equal  bjodies 

will  therefore  be  an  arithmetical  mean  between  the  two 
,  quantities  originally  poflefled  by  each  of  them  ;  that  is 
I  to  fay,  its  temperature,  or  the  common  temperature, 
I  will  exceed  that  of  the  colder  exactly  as  much  as  it  falls 
I  fliort  of  that  of  the  hotter  body. 

if  the  two  bodies  had  been  unequal,  they  would  ^"CIunc<1Uii 
I  neverthelefs  have  acquired  a  common  temperatnre  by 
I  communication,  but  the  excefs  of  heat  would  not  have 

been 
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heat.  been  equally  divided  between  them;  for  \vc  have 
v  {hewn  that  the  quantities  of  heat  in  fuch  bodies,  at  the 
fame  temperature,  are  in  proportion  to  the  quantities  of 
matter.  If  the  furplus  of  heat  had  been  entirely  taken 
away,  it  is  obvious  that  their  temperatures  would  have 
been  made  equal,  and  their  heats  would  have  been  in 
that  proportion  ;  and  there  is  no  other  way  of  adding 
the  furplus  to  them,  fo  as  to  preferve  the  fame  propor- 
tion, but  by  giving  more  to  the  larger  than  to  the 
fmaller  body,  according  to  its  quantity.  The  com- 
mon temperature  they  acquire  mews  that  this  is  donej: 
and  confequently  that,  when  two  unequal  bodies  of  the 
fame  kind  acquire  a  common  temperature  by  communi- 
cation, the  excefs  of  heat  in  the  hotter  body  is  divided  , 
between  them  in  proportion  to  their  weights  or  quan-<i 
tities  of  matter. 

Quantities  of  From  this  it  is  likewife  evident,  that  the  quantities)! 
chang^tempera-  of  heat  required  to  be  added  to  or  taken  from  bodies  ofli 
ttire'  the  fame  kind,  to  produce  equal  changes  in  their  tern 

perature,  will  be  in  proportion  to  their  quantities  o 

matter. 

Thermometer;  The  foregoing  deductions  naturally  lead  us  to  the 
confideration  of  an  inftrument  proper  to  fhew  the  tem- 
peratures of  bodies.  Such  an  inftrument  will  re-, 
quire  to  be  placed  in  contact  with  the  body  undei 
examination,  in  order  that  it  may  acquire  .the  farm 

—it?  rcquifites.  temperature.  It  is  therefore  an  indifpenfable  condiji 
tion,  that  the  inftrument  mould*  be  of  that  fmall  bull 
as  not  fcnfibly  to  heat  or  cool  the  body  it  touches ;  bu. 
that  the  common  temperature  of  the  inftrument,  anfr 
the  body  itfelf  upon  contact,  may,  without  perceptibly  i 
error,  be  taken  for  the  original  temperature  of  thll 
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body.     Another  conditio^  equally  requifite  is,  that  heat. 
every  change  of  temperature  {hall  be  attended  with  V~—:   v  J"' 
fome  evident  change  in  the  inftrument  by  which  it 
may  be  afcertained.    The  expanfions  and  contractions 
of  bodies  are  the  moft  convenient  for  this  purpofe. 
Thefe,  however,  are  fmall    and  would  require  to  be 
magnified  by  fome  mechanical  or  optical  contrivance, 
if  a  folid  body  were  made  ufe  of.    But  the  fmalleft 
change  in  the  bulks  of  fluids  may  be  eafily  fhewn  by 
the  happy  expedient  of  including  them  in  a  bottle 
whofe  neck  is  long,  and  very  narrow,  in  proportion 
to  the  diameter  of  its  body.    On  thefe  confiderations  Mercurial  thcr- 
the  thermometer  is  made.    It  confifts  of  a  glafs  ball  momcter' 
or  bottle,  with  a  long  narrow  tube  or  neck,  and  is 
partly  filled  with  mercury ;  a  fluid  preferable  to  all  others, 
from  its  unchangeablenefs,  the  regularity  of  its  ex- 
panfions, and  its  not  foiling  the  tube.    The  expan- 
fions or  contractions  of  the  mercury  are  (hewn  by  the 
rife  or  fall  of  its  furface,  which  is  meafured  by  a  gra- 
duated fcale  ufually  fixed  to  the  tube. 

The  determination  of  the  correfpondence  between  Correfponde 


nee 


the  degrees  of  the  thermometer,  and  the  adual  varia-  ofmln^tiS 

tions  of  the  heat  of  fluids,  was  firft  accurately  deter-  tne  increments 

jt»i    t»  t    ■   a      ••  °f neat a^cer- 

mined  by  Mr.  De  Luc.  By  mixing  equal  quantities  of  tainedbyDc 

water  at  different  temperatures,  he  found  that  the  LuC; 
thermometer  very  nearly  indicated  the  arithmetical 
mean  between  the  two  temperatures,  and  confequently 
that  its  indications  are  fuch  as  truly  correfpond  with 
the  quantities  of  heat. 

As  thefe  fundamental  experiments  cannot  be  too—  By  Crawford,, 
ftntlly  examined,  the  following  doubt  remained  to  be 
confidered,  namely,  whether  the  difpofition  to  give  out 
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or  to  receive  heat,  were  the  fame  in  water  at  all  tern-, 
peratures ;  becaufe  it  is  clear  that,  if  this  difpofition 
be  changed  by  heating  or  cooling,  the  temperature,  or 
power  to  heat  or  cool  other  bodies,  will  not  follow  the 
fame  proportion  as  the  quantities  of  heat;  though  it  may 
be  imagined,  not  without  probability  in  this  cafe,  that 
correfpondent  irregularities  in  the  expanfions  of  the  mer- 
cury, may  caufe  the  thermometer  to  indicate  the  arith- 
metical mean  between  the  two  expanfions  produced 
by  any  extreme  temperatures.  But  whatever  irregu- 
larities may  be  fuppofed  to  counteract  each  other  in 
thefe  experiments  with  mercury  and  water,  it  is  to  the 
Iaft  degree  improbable  that  the  fame  compenfation 
would  be  found,  when  the  mean  temperature  is  ob- 
tained by  other  methods.  With  this  view  the  cele- 
brated Dr.  Crawford  *  very  carefully  repeated  and 
confirmed  Mr.  De  Luc's  experiments;  made  others  with 
hl  like  refult,  by  ufing  linfeed  oil  inftead  of  water,  and 
alfo  by  producing  the  mean  temperature,  permanently, 
in  air  included  in  a  cylinder  formed  of  two  equal 
parts,  the  upper  of  which  was  kept  to  the  freezing 
point,  by  furrounding..  it  with  pounded  ice  ;  and  the 
lower  to  the  boiling-water  point,  by  furrounding  it 
with  a  greater  fupply  of  fteam  than  could  be  condenfed 
by  its  contact.  The  near  correfpondence  of  thefc  fe- 
veral  methods  fhews  that  the  expanfions  of  the  mercury 
in  the  thermometer  are  correfpondent  with  the  heat  it 
receives, 

'*  On  Heat.  London,  1788.  This  moll  valuable  performance! 
contains  the  theory,  and  moft  of  the  fads,  relating  to  heat ;  andj 
tlofcrvcs  to  be  mn\c  a  part  of  the  library  of  every  natural  phi-J 
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Thus  far  we  have  attended  only  to  the  communica-  h£AT- 
tion  of  heat  between  bodies  of  the  fame  kind ;  but 
when  two  equal  bodies  of  different  kinds  produce  a  Quantities  of 

1  .  heat  in  bodie 

common  temperature  by  communication,  it  ieldom  different  kin 
happens  that  it  proves  to  be  an  arithmetical  mean  be-  — relativc- 
tween  the  two  original  temperatures.    In  fuch  cafes  it 
is  evident  that  the  heat  which  was  communicated 
from  one  to  the  other,  has  not  altered  their  temperatures 
equally,  but  has  raifed  or  lowered  that  of  the  one  more 
than  it  has  lowered  or  raifed  that  of  the  other.  And  as 
the  proportion  between  the  number  of  degrees  through 
which  one  of  two  bodies  is  thus  raifed,  and  the  other 
lowered,  is  found  by  experiment  to  be  the  fame,  how- 
ever different  the  two  original  temperatures  may  have 
been,  provided  no  change  of  form  or  chemical  combi- 
nation has  been  produced  in  either  of  them  ;  it  is  a  ge- 
neral confequence,  that  the  quantity  of  heat  required  to 
alter  the  temperature  of  one  of  the  bodies  a  fingle  de- 
gree, or  any  other  equal  part,  will  be  greater  or  Iefs 
than  would  be  required  to  produce  the  fame  change  in 
the  other  body,  in  proportion  as  the  changes  produced 
by  the  communicated  heat  were  lefs  or  greater. 

The  whole  heat  in  each  body,  when  they  have  the  — aMoluta. 
fame  temperature,  mull  confift  of  the  fame  number  of 
degrees  :  the  proportion  between  the  whole  heats  of  the 
bodies  will  therefore  be  the  fame  as  between  the  heats 
required  to  raife  each  of  them  a  fingle  degree  :  that  is 
to  fay,  the  comparative  heats  of  bodies,  at  the  fame 
temperature,  will  be  in  the  inverfe  proportion  of  the 
number  of  degrees  their  temperature  is  altered  by  the 
fame  quantity  of  heat. 

To  illuftrate  this  by  an  example  in  round  numbers  E*-<T>p!*. 

Suppofe. 
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heat.      Suppole  a  pint  of  mercury,at  the  temperature  of  1360,  be 
v    '  1  mixed  with  a  pint  of  water  at  500,  the  mean  temperature 
will  be  760.  The  water  therefore  has  been  heated  260, 
and  the  mercury  has  been  cooled  60?,  by  the  lofs  of  the 
heat  it  imparted  to  the  water.  The  abfolute  heat  in  one  II 
degree  of  the  mercury  will  consequently  be  proportion- 
ally lefs  than  that  of  one  degree  of  the  water  ;  becaufe 
the  very  fame  heat  which  has  raifed  the  water  26  degrees  jfl 
in  temperature,  would  raife  the  mercury  fixty,  if  it  could  ] 
be  returned  again :  and  the  whole  heat  contained  in  i 
the  mercury  will  be  to  that  of  the  water  in  the  fame  pro-  I 
portion  of  26  to  60.  But  in  the  prefent  experiment  equal  i 
bulks  were  ufed;  and  mercury  is  about  13  times  as  heavy  if  I 
as  water.    An  equal  weight  of  mercury  would  contain  i  I 
only  one-thirteenth  part  of  the  heat.    Twenty-fix,  di-  j  1 
vided  by  13,  quotes  2  :  whence  the  comparative  heats  • 
of  mercury  and  water  are  in  the  proportion  of.  about  2]  1 
to  60,  or  1  to  30  ;  that  is  to  fay,  a  pound  of  mercury^™ 
at  the  fame  temperature,  contains  no  more  than  one-  i 
thirtieth  part  of  the  heat  contained  in  a  pound  of  water.*!:  ■ 

Comrarathre        It  may  be  obferved  that  the  term  comparative  heaifeJ 
is  ufed  to  denote  the  proportion  of  the  abfolute  quan 
tity  of  heat  in  one  body  to  that  of  another  equal  maf; 
of  matter  at  the  fame  temperature,  confidered  as 
iiandard.    The  ftandard  made  life  of  is  pure  water,  ii 
a  fluid  Mate.    Some  writers  call  this  fpecific  hea 
The  difpofition,  or  property,  by  which  bodies  feverall 
require  more  or  lefs  heat  to  produce  equal  change 

Capacity.  *n  temperature,  is  called  their  capacity  for  heal 
Thefe  capacities  are  confidered  as  the  unknown  cauf 
of  the  differences  in  their  comparative  heats,  to  whic 
they  are  consequently  proportional* 
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It  is  found,  by  experiment,  that  the  capacity  of  the  heat. 
fame  body  for  heat  is  leaft  when  folid,  greater  when  c  . 
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fed  or  fluid,  and  greateft  of  all  when  it  becomes  various  ftates. 
converted  into  vapour,  or  elaftic  fluid. 

Alfo,  when  bodies  unite  by  virtue  of  chemical  at-  —changes  by 
traction,  their  capacities  are  feldom  the  Came  as  the  ^n™1"1  ac* 
fum  of  the  capacities  of  the  bodies,  but  almoft  always 
cither  greater  or  lefs. 

As  the  experiments  relating  to  the  capacities  of  inferences, 
bodies  cannot  be  here  given  at  large,  it  will  be  proper 
to  mention,  by  way  of  inference,  fome  of  the  chief 
confequences  of  this  moft  luminous  doctrine  ;  firft  pre- 
mifing,  however,  that  thefe  inductions  have  all  been 
verified  by  experiment*. 

The  capacities  of  ice  and  fluid  water  are  found  .to  be  icc  and  water, 
as  9  to  10.  Ice  cannot  therefore  be  converted  into 
water,  unlefs  it  be  fupplied  with  as  much  heat  as  is  fuf- 
ficient  to  anfwer  the  difference  of  capacity.  Thus,  if 
•  equal  quantities  of  ice  and  water,  both  at  the  tempera- 
ture of  3  2°,  or  the  freezing  point,  be  expofed  in  fimi- 
lar  veflels,  at  the  fame  diftance  from  a  fire,  both 
will  receive  heat  alike ;  and  the  ice  will  be  melted  into 
water  at  3  2°,  while  the  water  in  the  other  veflel  will 
have  its  temperature  raifed  to  17  8°.  Here  it  is  ob- 
vious that  the  fame  heat  which  raifed  the  water  146 
degrees,  was  merely  fufficient  to  fupply  the  increafed 
capacity  of  the  ice  ;  for  which  reafon  this  laft  had  not  its 
temperature  raifed  at  all.  If  the  experiment  be  more 
accurately  made,  by  mixing  equal  weights  of  water  at 
178%  and  ice  at  32°,  the  fame  confequence  will  follow  ; 

?  For  which  confylt  Dr.  Crawford's  Trcatife,  already  fpoken  of. 

for 
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for  the  ice  will  be  melted,  and  the  common  tempera- 
ture will  be  320;  becaufe  the  ice  in  melting  receives 
no  augmentation  of  temperature,  but  abforbs  the  whole 
1460  of  heat  from  the  water,  by  virtue  of  its  increafed 
capacity  when  it  becomes  fluid. 

And  fo  likewife,  when  water  is  frozen  by  the  lofs  I 
of  its  heat,  communicated  to  a  cold  atmofphere,  or  I 
other  contiguous  bodies,  the  procefs  of  cooling  goes 
on  till  ice  begins  to  be  formed :  but,  during  the  wholei 
time  of  the  converfion  of  the  water  into  ice,  the  tem- 
perature remains  ftationary,  becaufe  the  diminifhed  ca-j 
pacity  of  the  ice  caufes  it  to  give  out  heat,  the  conti- 
nual evolution  of  which  fupplies  the  refrigerating  bodies* ; 
with  as  much  as  their  energy  of  cooling  might  other- 
wife  have  taken  to  caufe  a  diminution  of  the  tempera- 
ture. When  the  whole  is  frozen,  this  fupply  of  ex- 
tricated heat  ceafes  ;  and  therefore  the  caufe  that  cooled! 
the  water  at  firft,  goes  on  in  cooling  the  ice,  until  thei 
common  temperature  is  produced. 

In  all  experiments  wherein  the  capacities  of  the  fam 
bodies  are  changed,  and  the  difference  between  th 
quantities  of  heat  in  the  fame  body  in  both  ftates,  a 
one  common  temperature,  is  known  in  degrees  of  th 
thermometer,  we  may  derive  the  advantage  of  findin 
the  abfolute  quantities  of  heat  in  degrees  of  the  ther 
mometcr,  or  the  number  of  degrees  which  any  parti 
cular  point  or  temperature  is  remote  from  the  true 
zero,  or  point  of  abfolute  privation  of  all  heat.    To  il 
luftrate  this  curious  pofition,  the  experiments  on  ic 
and  water,  juft  related,  may  be  made  ufe  of.  Th 
whole  quantities  of  heat,  in  thefe  two  ftates,  are  as 
to  10.    It  is  plain,  therefore,  that  when  water  freezes" 


STEAM  OF  WATER. 


It  muft  give  out  one-tenth  of  its  whole  heat ;  and  this  heat. 
tenth  part,  by  the  experiment,  is  found  to  arifwer  to  1460  v 
5f  Fahrenheit's  thermometer.    Confequently  its  whole 
teat  is  ten  times  1460,  or  14600  of  Fahrenheit's  ther- 
mometer, when  its  temperature  is  3  2°  above  Fahren- 
heit's zero.   Whence  the  natural  zero  *  is  at — 14280. 

No  direct  experiment  has  yet  been  made  to  fhew  the  Capacity  of 
capacity  of  fteam  with  relation  to  water.    An  indi-  fteain' 
•eel:  experiment  of  Dr.  Crawford  makes  it  as  15^  to 
to  f.    It  is  accordingly  found  that  fteam,  in  its  con- 
lenfation  into  watery  gives  out  as  much  heat  as  would 
•aife  an  equal  quantity  of  non-eyaporable  matter,  of 
he  fame  capacity  as  water,  914  degrees.    This  heat  it 
null  have  taken  up  at  its  formation.    Whenever  water 
s  heated,  we  may  confequently  confider  the  heat  as 
lifpofed  of  in  two  ways.    One  part  raifes  the  tem- 
•erature  of  the  fluid  water,  and  the  other  part  is  em- 
i  loyed  in  fupplying  the  elaftic  vapour  that  flies  off  with 
vhe  heat  which  its  increafed  capacity  requires  at  that 
mrperature.    The  greater  the  quantity  of  fteam  is 
■  roduced,  the  larger  will  be  the  proportion  of  the  heat 
mployed  in  this  laft  way.    Now,  there  is  a  difficulty 
ttends  the  formation  of  elaftic  vapour,  in  proportion  as 
;  s  efcape  is  rendered  more  difficult.    If  the  water  be 
eatcd  in  a  clofe  veflel,  no  fteam  will  be  formed  ;  if 
:ie  fteam  efcape  by  a  fmall  hole,  there  will  be  lefs 
1  )rmed  than  if  the  whole  furface  of  the  water  were 
ncovered  j  and  if  the  fuperincumbent  atmofphere  be 
I  amoved,  as  in  the  yacuum  of  an  air-pump,  the  pro- 
tection will  be  greateft  of  all.    As  the  heat  of  the 


Crawford,  p.  458.  j.  Ibid,  page  2  70. 
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water  goes  on  increafmg,  the  .produ&jon  of  fteam  wi# 
likewife  increafe,  until  the  quantity  is  fo  great  as 
its  augmented  capacity  to  carry  off  the  whole  heat  tha 
is  communicated.    At  this  period  the  increafe.  of  tem: 
per.ature  will  therefore  ccafe,  and  the  temperature  will 
become  ftationary.    This  point  is  called  the  boiling-* 
water  point.    It  varies,,  however,  a  little,  as  the  pref-i 
fure  of  the  atmofphere  varies,  being  lowelt  when  that  if 
l.eaft  y  becaufe  the  maximum  of  fteam  is  produced  a| 
a  lower  temperature  when  the  obftacle  to  its  efcape  jJ 
lefs.  It  has  been  ftated,  and  with  fame  probability! 
that  there  might  be  no  in  terval  of  iluidity  between 
fclid  and  vaporous  forms,,  if  it  were  not  for  the  preffur 
of  the  atmofphere. 

In  this  manner-  it  is  .  eafy  to  account  for  the  coll] 
produced  by  evaporation.:  for  the  volatile  fubftano 
when  ititakes  the  vaporous  form,  abforbs  as  much  he 
from  the  body  from,  which  it  evaporated,  as  its  increafq 
capacity  requires?    Every  one  m uft  be  acquainted  wii 
the  cold  produced  by  wetting  the  hand  with  water 
with  fpirits  of  wine  or  brandy.  The  freezing  of  water, 
means  of  tire  evaporation  of  ether,,  is  a  very  remarkab 
inftance  of  this.  Water  is  included  in  a  thin  glafs  tub 
and.  the  outfide  of  the  tube  is  kept  continually  wett 
with  ether,  by  means  of  a  bottle  with  a  capillary  tube 
its  neck,  through  which  the  ether  is  poured.  The  con 
quence  of  the  fpeedy  evaporation  of  this  very  voiat 
fluid  is,  that  in  a  very  ihort  time  the  included  water  ji 
fuddenly  converted  into  ice,  even  before  a  fire,  or 
the  midffc  of  fummer.  .;; .  ";  ; 

The  efTe£t  of  freezing  mixtures  is  another  eviJ 
confequence  of  this  'doctrine.    When  as  much  co 
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on  fait  is  added  to  water  as  it  can  dilTolve,  the  brine  heat. 
ntinues  unfrozen  till  it  is  cooled  as  low  as  6°  below  v 
,  on  Fahrenheit's  fcale.    Suppofe  pounded  ice,  or 
dw,  to  be  mixed  with  fait  at  any  temperature  above 
■6°,  their  union  will  produce  the  brine  here  men- 
.ned  i  which,  becaufe  the  heat  is  above  its  freezing 
int,  will  become  fluid,  though  the  iCe  and  fait  were 
id  before.    This  fluidity  will  be  attended  with  an 
:reafe  of  capacity,  and  therefore  the  brine  will  be 
uch  colder  than  the  fnow  and  fait  were.    If  the  quan- 
y  of  fnow  and  fait  be  confiderable,  and  there  be  no 
dies  at  hand  which  can  readily  fupply  heat,  the  brine 
ft  produced  will  cool  the  fnow  and  fait  in  its  vicinity ; 
I  d  this,  when  lequefied,  will  cool  the  reft  of  the  fnow 
f  d  fait  (till  more  effectually.    When  the  temperature 
I  the  whole  is  as  low  as-"-6°,  or  the  freezing  point  of 
3  brine,  the  liquefaction  and  cooling  will  flop,  Or  it 
t  11  pfdeeed  more  {lowly  or  fafter,  in  proportion  as  the 
j  vuifite  heat  is  fupplied.    It  may  eafily  be  imagined 
:  it,  if  a  mixture  of  this  kind  be  placed  in  a  vefTel,  and 
>  mailer  veffel,  containing  water,  be  plunged  in  it, 
I  S  cooling  procefs  wilT  freeze  the  water.    It  is*iike-  Fl3Ced  t(-mPera- 

°   1  ture  ol  freezing 

)  fe  evident  that  fuch  mixtures  will  defcend  to  a  fixed  mixtures. 

\  nperature,  which  is  that  of  their  own  freezing  point*. 

1  So  likewife  the  freezing  procefles  by  the  folutions  +  Fr«zl"s  Pr°- 

H   .  1  ceffes.  bydi- 

1  falts  in  water  or  acids,  though  they  have  not  yet  been  foiving  falts  in 
(  minutely  examined,  may  be  explained  from  the  dif- 
j  ence  of  capacity  produced  in  the  liquefaction  of 
I  id  falts,  or  the  water  contained  in  thena.    One  of 

t1"  Crawford,  p.  474, 
f  Walker,  in  Philof.  tranf.  Vol.,  LXXVII.  and  LXXVIII. 
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heat,  thefe  may  be  here  mentioned,  not  as  the  moil  power-* 
s — ~  ful,  but  becaufe  the  materials  are  cheap,  and  well, 

Mixture  of  falts  known.    It  confifts  of  equal  parts  of  fal-ammoniac, 

forfreeezing  \va-       ,  ,.  ,  _  .       ,     T(-  r  .r 

txr.  and  faltpetre,  finely  powdered,  It  tour  ounces  oi  waieri 

be  poured  on  three  ounces  of  this  mixture,  the  folu-j 
tionwill  fink  the  thermometer  36.  degrees j  and  as  ii 
is  eafy  to  have  pump-water  as  cool  as  50*  in  the  mid; 
of  fummer,  this  addition  will  cool  it  to  140,  which 
therefore  •fuflicient.to  freeze  water  in  a  phial  plung 
in  it.    vm  11    \-y  ■  m  ,: '' I  ■:■">'  ''     .     ,  .*.;••», 
General  view  of     Without  entering  more  largely  Into  examples  of  thi 
hcata6CnCy  °f    con^ecluencGS  °f  tn-e  change  of  capacity  in  bodies  which 
are  changed;  in  their  form,  or  ftate  of  chemical  combi- 
nation, it  may  be  obferved,  in  general,  that  as  th< 
powers  of  gravity  and  projection,  in  continual  oppofi- 
tion  to  each  other,  produce  all  the  beautiful  effects  ii 
the.  great  fyftem  of  the.univerfe  to  which  they  are  elj 
fential  •,  fo,  among  the  actions  of  the  minute  parts  of 
bodies,  the  cohefive  attraction,  and  the  energy  of  h$a 
are  in  continual  oppofition  to  each  other,  and  are  ce 
cerned  in  every  procefs  by  which  changes  are  pi 
bs    tluced  in  the  peculiar  properties  of  bodies  :  and  f 
V,  .     whatever  more  immediate  purpofes  it  may  be. that 

Supreme  Intelligence  has  thus  generally  appointed  theii 

1  Advantages  arif-    '  _  . 

iog  front  the      agency,  we  .  lee  that  the  changes  of  capacities  ax 
changes  o  capa-  great]y  conducive  to  the  prefervation  of  a  more  equif 
temperature  than  would  otherwife  be  found  in  tn 
diftricts  around  us.  The  cold  produced  by  evaporatia 
greatly  mitigates,  and  conducts  to  other  parts,  i 
ftrong  heats  of  the  torrid  zone  j  and  the  heat  develop 
on  the  freezing  of  water  prevents  the  cold  from  falii 
fo  far  below  the  freezing  point  as  otherwife  it  mig 
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io.    It"  the  capacities  of  water  and  ice  were  equal,  the  heat. 
"reezing  of  immenfe  bodies  of  water  would  fcarcely  be  *  * 
:<rogrefiive,  but  would  take  place  the  inftant  the  whole 
vas  cooled  to  3  2°;  and  fo  likewife  the  thawing  of 
aft  trafts  of  fnow  and  mountains  of  ice  would  be 
ierformed  in  the  Ihort  time  of  the  tranfmiflion  of  the 
:ieat  required  to  raife  its  temperature  the  minuteft  porr 
ion  of  a  degree  above  the  temperature  of  folidity. 
s  Whether  the  extreme  inconveniences  the  hotter  di- 
ctates would  undergo  from  increafed  heat,  or  the 
older  from  the  intenfe  freezing  and  fudden  thaws,  be 
mong  the  principal  events  in  the  view  of  the  Sove- 
eign  Difpofer  of  the  univerfe,  cannot,  from  our  igno- 
ance  of  final  caufes  on  fo  large  a  fcale,  be  determined. 

Whether  heat  be  matter  or  motion,  is  a  queftion  Q^ion, 
vhich,  as  was  before  obferved,  is  not  well  fettled.    It  P'2e  *• 

certain  that  the  motion  of  friftion,  or  percufiion, 
ither  produces  or  collects  heat ;  and  if  the  fuppofition 
f  the  mere  vibration  of  parts  could  adequately  account 
:jr  the  effects,  it  would  doubtlefs  be  more  fimple  than 
)  call  in  the  afliftance  of  a  material  fubftance  endued 
ith  peculiar  properties.  But,  on  the  other  hand,  the 
jpearances  are  folved  with  great  eafe  and  fimplicity 
f  the  fuppofition  of  fuch  a  fubftance.    On  this  fub-  The  p^iofophy 

:£l  it  may  perhaps  be  fufficient  to  obferve,  that  the  of  heat  admits 
,  n0  analogy. 

ncnomena  of  heat  feem  to  {land  fingle,  fo  as  not 
afily  to  admit  of  comparifon  with  any  of  the  other 
npearances  in  nature ;  and  confequently  that  all  rea- 
ming by  analogy  promifes  very  little  elucidation  of  a 
hibje£t  which  can  only  be  profecuted  by  experimental 
-•fearch. 
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Attempts  have  been  made  to  determine  whether  thel 
weight  of  bodies  is  affected  by  the  greater  or  lefs  quauJ 
tity  of  heat  they  may  contain.    The  moil  accuratq 
experiments  mew  that  the  fame  water  is  heavier, 
a  very  minute  quantity,  when  it  is  converted  int 
ice*, 

!*  Dr.  George  Fordycc  made  the  experiment  by  weighing  th 
fame  quantity  of  water  (about  1700  grains),  when  frozen  an 
when  unfrozen,  at  the  temperature  of  32°,  in  a  room  where 
air  was  of  the  fame  temperature.    The  ice  was  near  one-fixt- 
of  a  grain  heavier.  Phil.  Tranf,  Vol.  LXXV.  p.  36a. — Sir  Benj 
min  Thompfpn  obtained  the  fame  conclufion,  by  countcrpoifi 
water  againft  fpirit  of  wine,  and  expofing  the  apparatus  to  a  col 
atmofphcre  which  froze  the  former. 


C  H  A 


THERMOMETER. 


23 


C  H      P.  III. 


THE  CONSTRUCTION  OF  THE  THERMOMETER. 


IN  the  prefent  cultivated  date  of  philofophical  know-  thermome- 
leilge,  it  can  hardly  be  fuppofed  that  the  reader  v    TER'  J 
has  not  feen  a  thermometer.    Minute  defcription  is 
therefore  unneceffary.  But  as  the  accurate  conftrucYion  Conftruftion  of 

r    ,  .     .    r,  n  the  thermotne- 

and  fubfequent  improvement  of  this  initrument  mult  tcr> 
greatly  depend  on  the  knowledge,  which  thofe  who  ufe 
it  may  poflefs,  of  the  method  of  making  it ;  and  as  wc 
have  no  perfect  account  of  this,  there  can  be  no 
doubt  but  a  fhort  relation  of  the  whole  procefs,  from 
experimental  knowledge,  will  be  acceptable* 

The  tubes  may  be  had  at  the  glafs-houfe  ;  and  the  To  determine 
firft  care  of  the  artiflmuft  confift  in  examining  if  their  form  of  the  Wc. 
cavities  be  equal  or  cylindrical  throughout.    This  is 
1  done  by  immerling  one  end  into  mercury,  and  with- 
drawing it,  after  clofing  the  other  end  with  the  finger. 
By  this  means  a  fmall  quantity  of  mercury  will  enter 
the  tube,  which  will  occupy  a  longer  fpace  the  deeper 
the  tube  is  immerfed.    Lay  the  tube  horizontally  upon 
a  graduated  rule,  and  obferve  the  length  of  the  mercu- 
rial column,  in  different  parts  of  the  tube  to  which  it 
may  be  made  to  run,  by  inclining  it  more  or  lefs.  If  the 
!  length  continues  invariably  the  fame,  it  is  a  proof  that 
the  tube  is  uniformly  cylindrical    but,  if  otherwife,  the 
diameter  varies,  and  the  tube  cannot  be  ufed  to  make 
.  a  good  thermometer,  unlefs  the  graduation*  in  the  dif* 
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THERMOME-ferent  parts  of  the  tube  be  lengthened  or  fhortened,  in. 


TER. 


proportion  to  the  meafures  of  the  mercurial  column. 


Method  of  blew-     Direct  the  flame  of  a  large  candle,  a  watch-maker's 
tens' iermomc"  lamp,  or,  which  is  cleanlieft  and  bed  of  all,  a  lamp 
with  fpirits  of  wine,  upon  one  end  of  the  glafs  tube,  by- 
means  of  the  blow-p',pe.    The  extremity  will  foon 
become  red  hot,  and  in  a  ftate  of  imperfect  fufion.  1 
Remove  the  tube  from  the  flame,  and  blow  into  its 
other  end,  and  the  heated  part  will  be  inflated  fo  as  to 
form  a  bulb.    This  lad  inflation  is  the  molt  difficult 
and  laborious  part  of  the  bufinefs ;  but  it  may  be  per- 
formed with  great  eafe  and  advantage,  by  previoufly 
faflening  the  neck  of  one  of  the  fmall  bottles  of  elaftic. 
gum,  or  India  rubber,  about  the  end  of  the  tube  ;  which, 
when  the  other  end  is  ignited,  may  be  prefled  by  the 
hand,  fo  as  to  blow  the  bulb  very  commodioufly,  and) 
without  the  introduction  of  any  moift  air.' 
Filling  with         Immerfe  the  open  end  of  the  thermometer  tube  iafe 
mercury.         fome  very  clean  dry  mercury  that  has  been  boiled 
and  warm  the  bulb  with  a  candle  ;  part  of  the  air  wilt 
be  immediately  heard  ruffling  through  the  mercury  v 
withdraw  the  candle,  and,  as  the  bulb  cools,  the  mercury* 
will  rife  in  the  tube.    This  will  be  facilitated  by  hold-j 
ing  the  tube  as  near  an  horizontal  pofition  as  can  be 
done,  without  railing  its  lower  end  above  the  furfac 
of  the  mercury.    In  this  way  the  bulb  will  be  nearly 
half  filled.    Without  altering  the  pofition  of  the  ap  • 
paratus,  move  the  whole  fo  that  the  bulb  may  be  hcltj  w 
over  a  candle.    A  fmall  candle  newly  fnuffed  is  beft,;« 
becaufe  of  the  fleadinefs  of  its  flame  ;  and  it  will  be  I 
neceflary  to  wrap  a  piece  of  paper  round  the  tube,  td 

defend 
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-fend  the  finder  and  thumb  from  its  heat.    The  mer-  thprmome- 
ry  will  foon  boil,  and  moft  of  the  remaining  air  will  j 
:  heard  efcaping  from  the  bulb.    As  foon  as  this 
cape  has  ceafed,  remove  the  bulb  from  the  candle, 
id  it  will  be  fuddenly  filled  with  mercury  from  the 
:fiel. 

Take  the  thermometer  thus  filled  out  of  the  mer-  Boiling  the  mer- 

,  .  j        i  ra-  cury  in  the  tube, 

lry,  and  wrap  round  its  open  end  a  piece  or  thin  pa- 
ir, in  fuch  a  manner  as  to  leave  a  cavity  beyond  th$ 
ibe,  at  leaft  fufficient  to  hold  as  much  mercury  as 
le  bulb  contains-,  fecure  this  by  wrapping  it  tight 
rith  packthread  about  the  tube  j  then  put  a  drop  of 
lercury  into  the  paper  cavity,  and  apply  the  bulb 
?ain  over  the  muffed  candle,  holding  the  tube  up- 
ight  between  the  finger  and  thumb,  or  a  pair  of  fmall 

■  incers,  at  the  part  wrapped  with  paper  and  pack- 
i  bread:  the  mercury  will  foon  boil,  and  about  half 
Lie  contents  of  the  bulb  will  rufh  violently  up.  the 

ibe  into  the  paper.  Remove  the  bulb  from  the  can- 
le,  and  the  mercury  will  fuddenly  return :  then  boil 
j  :  again  j  and  repeat  the  operation  till  the  fpeedy  boil- 
ing of  the  mercury,  when  placed  over  the  candle,  and 
fihe  diminimed  noife  and  agitation,  (hew  that  the  whole 
L  tas  been  well  heated,  and  deprived  of  the  air  or  moif- 
ure  which  might  have  adhered  to  it. 

The  operation  of  boiling  will  fail,  if  the  mercury,  Caution. 
W  the  infide  of  the  bulb,  be  moift ;  for  in  this  cafe 
:he  bulb  is  ufually  burft  by  the  mercurial  vapour  •  the 
;xplofion  however  is  not  dangerous :  it  is  very  likely 
:o  happen  with  bulbs  blown  by  the  mouth,  unlefs  they 
>e  kept  fome  weeks  in  a  dry  place,  before  they  are 
I. filled.    The  fame  danger  makes  it  prudent  not  to  boil 

■  '  -5  *  the 
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the  mercury  ffcrongly  the  firft  or  fecond  tim 
and  it  is  likevvife  of  importance  to  keep 
bulb  clear  of  the  flame,  as  the  contact  of  this 
againfl  the  empty  part  of  the  bulb  would  melt  it,  a 
a  hole  would  be  immediately  made  by  die  cxclud 
vapour. 

After  the  boiling  is  completed,  plunge  the  bulb 


Trial  of.  the  pro- 
portion between 

the  bulb  and  the  cold  water,  whofe  temperature  is  known.  Melti 
ice  or  fnow  (or  fnow  and  water)  always  has  the  tedj 
perature  of  320  of  Fahrenheit's  fcale.    Then  take 
the  paper,  and  put  the  bulb  into  the  hand,  and  aft 
wards  into  the  mouth;  this  heating  will  caufe  fome 
the  mercury  to  drop  out  of  the  tube.    Cool  it  a 
to  3  2°,  by  immerfing  it  in  the  cold  water,  and  ma 
where  the  mercury  {lands.    The  diftance  betwe 
this  {lation  and  the  top  of  the  tube  meafures  the  int 
val  between  freezing  and  blood  heat,  or  32  and 
which  makes  63  degrees ;  and  will  confequently  fh 
whether  the  degrees  will  be  large  or  fmall,  and  w 
extent  the  fcale  is  capable  of ;  that  is  to  fay,  it 
fliew  whether  the  bulb  is  of  the  proper  fize. 
laft,  fuppofing  the  judgment  of  the  operator  .nj 
iuflicient  to  proportion  the  bulb  nearly  to  the  turj 
and  the  intended  fcale,  might  however  have  been  moj1 
conveniently  afcertaine'd  after  the  firft  filling,  befoj 
the  boiling  had  been  undertaken. 

When  the  number  of  degrees  to  which  the  leng 
of  the  tube  will  extend  is  thus  known,  the  operat 
mult  fettle  whereabouts  he  will  have  the  freezi^ 
point,  which,  may  be  nearer  or  farther  from  the  bull 
accordingly  as  he  intends  the  inftrument  to  be  ufc 
more  particularly  to  ascertain  great  degrees  of  hea 


Hermetical  feal. 
i&g  of  the  tube. 
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or  of  cold.    At  this  ftage  of  the  bufinefs,  likewife,  lie  thermome- 
may  heat  the  upper  part  of  the  tube  with  the  blow-  t  , 
pipe,  and  draw  it  out  to  a  fine  capillary  tube  ready  for 
jailing.    The  bulb  muft  then  be  heated  in  the  candle, 
till  a  few  particles  of  mercury  have  fallen  off  the  top 
of  the  tube  ;  and  notice  muft  then  be  taken  how  much 
nearer  the  freezing  point  is  to  the  Wb  than  before, 
which  may  be  done  by  immerfmg  it  in  the  melting 
mow,  as  before.    If  it  be  not  as  low  as  defired,  the 
heating  muft  be  repeated,  carefully  obferving  not  to 
throw  out  too  much  mercury  at  a  time.    When  the 
due  quantity  of  mercury  is  thus  adjufted,  two  candles 
muft  be  prepared,  the  one  to  heat  the  bulb,  and  the 
other  to  clofe  the  tube.    The  blow-pipe  being  in  rea- 
dinefs,  the  upper  part  of  the  tube  near  the  flame  of 
one  candle,  and  the  bulb  near  the  flame  of  the  other, 
the  mercury  will  rife,  and  at  laft  begin  to  form  a  glo- 
bule at  the  point  of  the  capillary  tube.    At  this  in- 
ftant  the  bulb  muft  be  withdrawn  from  the  lower 
candle,  at  the  fame  time  that  the  flame  of  the  upper 
is  directed  by  the  blow-pipe  upon  the  point  of  the  tube. 
This  laft  will  be  immediately  ignited,  and  will  clofe  by 
the  melting  of  its  parts,  before  the  mercury  has  per- 
ceptibly fubfuled.    When  the  mercury  has  fallen,  this 
clofure  may  be  rendered  more  fecure  from  accidental 
breaking,  by  fufing  the  whole  point  of  the  tube,  till  it 
becomes  round. 

If  this  bufinefs  be  properly  done,  the  mercury  in  p  Oof  ofinter- 
the  inftrument  thus  filled  will  run  backwards  and  nal  vacuum* 
forwards  in  the  tube,  immediately  upon  inverting  its 
tituation. 

In 
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thermome-  In  the  original  graduation  of  thermometers,  two . 

t,    TER>    J  fixed  points  of  temperature  are  neceffary.    Thefe  are! 

Adjustment  of  the  freezing  point  of  water,  or  temperature  of  ice'orl 

£c  fixed  points.  fnQW^  at  ^  mftant  of  formation,  or  rather  when  it  is| 

juft  beginning  to  liquefy  ;  and  the  boiling  point  ofk 
water,  or  temperature  at  which,  under  a  known  preffure,;! 
it  is  plentifully  converted  into  fteam.  For  the  fettling  thcrj 

Freezing.         freezing  point,  nothing  more  is  neceffary  than  to  im-if 
merfe  the  thermometer  fo  deep  in  melting  fnow  or  iceJJ 
as  that  the  mercury  may  be  barely  vifible  above  its  fur-i 
face,  and  carefully  mark  the  place  at  which  it  ftands.tj 
The  boiling  point  is  not  quite  fo  eafily  afcertained 
crude,  hard,  or  faline  waters  acquire  a  greater  heat  in } 
boiling  than  fuch  as  are  purer  j  and  the  fame  water  will  • 
acquire  a  greater  heat  under  a  greater  preffure.    For  ■ 
this  lad  reafon,  the  boiling  point  mould  be  fixed  ac- 
cording to  the  decifion  of  the  committee  of  the  Royal* 

8aiEn£'  Society  •,  namely,  when  the  barometer  (lands  at  29.8  ; 

inches.  The  beft  method  is  to  provide  a  veffel  fomewhat  j 
longer  than  the  thermometer,  with  a  cover,  and  two  | 
holes  in  it  5  one  about  an  inch  in  diameter,  for  the  fteam  f 
to  efcape  ;  and  the  other  fmaller,  for  the  thermometer  : 
tube  to  be  faftened  in  it.    When  this  is  ufed,  the  | 
thermometer  muft  be  faftened  in  the  cover,  fo  that 
the  eftimated  place  of  the  boiling  point  may  be 
juft  above  the  hole.    Water  muft  be  put  in  the 
vefTel,  not  fufficient  to  touch  the  bulb  of  the  ther- 
mometer, when  the  cover  fh&ll  be  put  on.    The  veffel 
muft  then  be  covered,  a  thin  plate  of  metal  laid  on 
the  fteam  hole,  and  the  water  made  to  boil  by  heat  ap- 
plied to  the  bottom  only.    The  thermometer  will  be 
then  furrounded  with  fteam,  which  will  raife  its  tem- 
perature 
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neratlire  to  the  boiling  point ;  and  this  point  muft  be  thermome- 

T  E  R 

rarefully  marked  on  the  tube.  The  following  method  t  j 
may  be  more  convenient  to  thofe  who  are  not  provid- 
ed with  fuch  a  veflel : — Wrap  feveral  folds  of  linen  rags 
n>r  flannel  round  the  tube,  nearly  as  high  as  the  fup- 
pofed  boiling  point ;  hold  the  ball  of  the  thermometer 
in  the  afcending  current  of  boiling  rain-water,  about 
two  or  three  inches  below  the  furface  ;  pour  boiling 
water  on  the  rags  three  or  four  times,  waiting  a  few 
leconds  between  each  time  ;  and  wait  fome  feconda 
after  the  laft  time  of  pouring  on  water,  in  order  that 
the  water  may  recover  its  full  ftrength  of  boiling, 
which  is  confiderably  checked  by  the  pouring  on  the 
tags.  The  place  where  the  mercury  Hands  is  the 
boiling-water  point. 

Notwithstanding  the  accurate  adjuftment  of  the  fixed  Adjuftment  for 
points  of  a  thermometer,  yet  if  the  tube  be  not  truly  *^°rs  01  th* 
cylindrical,  or  if  the  divifions  be  not  adjufted  to  the 
inequalities  of  its  diameter,  the  errors  at  the  middle, 
between  the  two  fixed  points,  may  amount  to  more 
I  than  a  whole  degree.  A  fmall  error  in  the  {landing  of 
thermometers  may  be  occafioned  by  the  varying  pref- 
fure  of  the  atmofphere,  which  alters  the  capacity  of 
the  glafs  but  it  never  amounts  to  fo  much  as  the 
tenth  part  of  a  degree.  Spherical  bulbs  are  leaft  fut- 
jec~t  to  this. 

Thermometers  which,  from  the!  great  length  of  their  Standard  thcr - 
degrees,  or  for  any  other  reafon,  are  made  to  take  in 
but  a  fmall  part  of  the  interval  between  the  two  fixed 
points,  are  ufually  graduated  by  eomparifon  with  a 
itandard  thermometer. 

The 
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•toiled. 


Scales  of  ther- 
mometers. 
Fahrenheit's. 


Rcautnur'i. 
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CONSTRUCTION  OF  THE 

The  very  careful  boiling  of  the  mercury,  as  above  I 
defcribed,  is  abfolutcly  neceflary  for  fuch  thermometer* 
as  are  to  be  fealed  when  full :  for  if  there  were  any  air  or 
moifturc  left  in  the  bulb,  it  would  prevent  the  mercury 
in  the  tube  from  defcending  into  the  bulb,  fo  that  the 
tube  would  continue  always  full.  Thc'fe  thermometer* 
are  undoubtedly  the  beft ;  but  the  vacuum  above  the 
mercury  does  not  feem  to  be  an  indifpenfable  requifite* 
If  a  clean  dry  tube  be  fdled  with  pure  boiled  mereuryr 
and  a  fmall  bulb  be  left  at  the  top  of  the  tube,  to  con- 
tain common  air,  in  -order  that  its  expansion  or  con- 
denfation,  produced  by  the  change  in. the  mercurial  fur- 
face,  may  be  inconsiderable  there  will  be  few  prac- 
tical objections  aga-inft  fuch  a  thermometer ;  more 
efpecially  if  it  be  a  fecondary  inftrufnent,  graduated' 
by  means  of  a  ftandard.  .There,  are  fome  'thermome- 
ters  made  with  tubes  fo  very  fmall, , and  bulbs  fo. largo 
in  proportion  to  .  them,  that  they  ■  will  -.net  admit  of 
boiling  the  mercury;  in. diem,  but. .are  filled  with;  boiled' 
mercury  by  means  of -a  condenfer.  Theie  are  necellaf 
rily  of  the  kind  here  mentioned'- 

The  thermometers  \mpft  in  ufe.  at  pr^fent  are  Fall}-; 
renheit's,  Reaumur's,  and  Celfius's.  In  Fahrenheit's 
fcale  the  number  of  degrees  between  die  freezing  and, 
boiling  water  point  is  180;  the  freezing-point  being 
at  3  2°,  and  the  boiling  point  at  212°,  both  a^ove  o\ 
or  the ,  part  from  which  the  -degrees  are  reckoned 
l?oth  ways.  In  Reaumur's .  fcale  the  number  of  de*. 
grees  between  thefe  two  points  is  8o,  and  the  freezing 
point  is  called  o°,  from  which  the  degrees  are  recr 
koned  both  ways.  In  Celfius's  thermometer,  die  in- 
terval 
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i  rval  is  divided  into  ioo°,  and  the  freezing  point  is  thermomh- 
I  died  o°,  as  in  Reaumur's.    To  reduce  thefe  fcales  -    TE*-S'  j 
..  each  other,  it  rauft  be.  obijerved,  that  one  degree  of  Redudion  cf 
iihrenheit's  is  equal  to  £  of  a  degree  of  Reaumur,  mometersofvl- 
id  to  £   of  a  degree  of  Celfius.    Therefore,  if  the  rioU8  fe*k*' 
amber  of  degrees  of  Fahrenheit,  reckoned  above  or 
;low  the  freezing  point,  be  multiplied  by  4,  and  di- 
ded  by  9,  the  quotient  will  be  the  correfponding 
umber  on  Reaumur's  fcale.    Or  if  the  multiplier 
,  and  the  divifor  9,  .be  ufed,  the  quotient  will  give  the 
egrees  of  Celfms's  fcale.    And,  contrariwife,  if  any 
umber  of  degrees,  either  of  Reaumur  or  Celfius,  be 
lultiplied  by  9,  and  divided  by  4  if  of  Reaumur,  or 
y  5  if  of  Celfius,  the  quotient  will  give  the  degrees 
•f  Fahrenheit,  reckoned  either  above  or  below  the 
rcezing  point,  as  the  cafe  may  be. 
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CHAP.  IV. 


ON  COMBUSTION,  AND  THE  APPLICATION  OF  HEAT' 
TO  CHEMICAL  PURPOSES. 


.APPLICAT, 
OF  HEAT. 


HT^HE.  methods  of  producing  an  increafe  of  ternj 
perature  are  various.    The  friction  of  two  piece 
mcHng"  fl'mt"1"  °^  wood,  in  a  turner's  lathe,  produces  heat  and  flame jj 
and  itecl.        a  nz\\  mav  De  made  red-hot  by  hammering  it :  anj 
when  flint  and  fteel  are  ftruck  together,  fmall  particla 
of  the  fteel  are  feparated,  which  are  in  a  ftrong  ftate  q 
deflagration,  and,  upon  examination  with  the  micrdj 
fcope,  are  found  to  have  been  fufed  into  hollow  greyifl 
Solar  focus.       balls.    The  fun's  light,  concentrated  by  a  convex  lenaj 
or  concave  mirror;  is  likewife  found  to  produce  thl 
moft  aftonilhing  effects,  by  raifing  the  temperature  cm 
CWemical  mix-  bodies.    And,  among  chemical  mixtures,  there  arl 
many  by  which  ignition  and   flame  are  produced 
In  thefe,  and  in  all  inftances  where  the  temperature  il 
raifed,  a  diminution  of  the  capacities  of  die  bodies  a; 
pears  to  be  the  effective  caufe. 
Conifcuftion.         Moft  operations  that  require  an  increafe  of  temp 
rature,  are  performed  by  the  communication  of  he 
from  bodies  in  combuftion.    The  general  fa<£ts  r 
fpecting  this  wonderful  procefs,  are  the  following : 
There  are  certain  bodies  which,  when  ignited 
heated  fo  as  to  become  luminous,  will  foon  ceafe  t 
be  fo,  by  the  lofs  of  that  heat  which  they  commun' 
qate  to  the  bodies  around  them  :  but  there  are  oth 

whic 
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[  'hich,  if  ignited  in  contact  with  the  air  of  the  atmo-  applicat. 
\here,  will  not  lofe  their  ignition,  but  continue  to  give  0F  HEAT'^ 
ut  heat,  till  their  volatile  parts  are  diflipated,  and  the  Combuftion. 
roperties  of  the  remainder  entirely  changed.  Thefe 
;ft  are  called  combuftible  bodies.  It  is  found  by  ex- 
periment that  the  capacities  or  quantities  of  heat,  in 
•Dmbuftible  bodies,  are  not  confiderable ;  that  the 
uantity  of  heat  in  atmofpheric  air,  in  the  elaftic  ftate, 
.  exceedingly  great;  and  that  part  of  this  air  is  ab- 
jrbed  by  bodies  in  combuftion.  If,  therefore,  the 
smperature  of  a  combuftible  body  be  by  any  means 
d  raifed,  as  that  the  chemical  procefs,  by  which  air 
ecomes  condenfed  and  combined  with  it,  may  go  on, 
he  temperature  of  the  air  will  be  raifed,  as  its  capa- 
ity  is  diminifhed,  in  paMing  from  the  elaftic  to  the 
olid  ftate  ;  and  it  will  therefore  give  out  its  heat  to  the 
ombuftible  body,  which,  inftead  of  becoming  colder, 
luft  increafe  in  temperature,  in  proportion  to  the 
uantity  of  air  condenfed  in  the  fame  time,  excepting 
o  far  as  this  effect  is  diminifhed  by  the  conducting 
ipwer  of  the  furrounding  bodies. 

The  procefles  which  are  performed  by  the  fimple  Process, 
pplication  of  heat,  are  as  follow : 

Roafting.— This  confifts  in  expofingv  mineral  bodies  Roafting. 
o  the  heat  of  an  open  fire,  for  the  purpofe  of  diihpat- 
ng  their  volatile  contents. 

Calcination  is  performed  by  expofing  bodies,  in  an  Calcination. 
)pen  veflel,  to  a  ftrong  heat,  till  no  farther  change  can 
3e  produced  in  them.  The  body  which  remains,  and 
r/ithftands  the  fire,  is  called  a  calx.  Both  thefe  terms 
ire  more  particularly  applied  to  metals.  Such  bodies 
is  are  very  little  changed  by  heat,  are  called  refractory. 

D  Fufion 


34 


PROCESSES  ET  HEAT. 


APPLICAT. 
OF  HEAT." 


L  nil  U.I. 


Digeftiod. 


Cementation. 


"Evaporation. 


Concentration. 


Diftillation. 


Rectification. 


Sublimation. 


Fufion  confifts  in  heating  bodies,  in  proper  veflHi* 
till  they  become  fluid,  It  is  chiefly  ufed  for  the  pur- 
pofe  of  uniting  fmaller  bodies  into  one  large  mals,  and 
calling  them  into  moulds  of  any  defired  figure.  The 
facility  with  which  metals  may  be  united  in  this  way, 
after  they  have  been  divided,  is  probably  the  circum- 
ftance  that  induced  mankind  to  ufe  them  as  the  me- 
diums of  exchange,  or  figns  of  value  of  all  other 
commodities. 

Digeftion  confifts  in  keeping  bodies  for  a  confider 
ble  time  immerfed  in  a  fluid  at  a  higher  temperatu 
than  that  of  the  atmofphere,  in  order  that  combinatio 
may  take  place  that  couM  not  elfe  have  been  effected. 

Cementation  is  a  procefs  wherein  folid  bodies,  one) 
or  more  of  them  being  pulverized,  are  expofed  to  heati 
in  proper  veffels,  with  the  intention  that  the  more 
volatile  parts  of  the  one  body  may  unite  with 
other,  or  with  its  fixed  parts. 

Evaporation  confifts  in  the  diffipating  of  fluids  bjj 
heat. 

Concentration-  confifts  in  increafing  the  proportio 
of  faline  matter  in  any  watery  fluid,  either  by  evapo 
a  rating  part  of  tire  water,  or  by  caufmg  it  to  freeze 
and  taking  away  the  ice. 

When  evaporation  is  performed  in  vefTels  eithe 
perfectly  or  nearly  clofed,  fo  that  the  volatile  part ' 
which  are  raifed  in  one  part  of  the  apparatus,  may 
received  and  condenfed  in  the  other  part,  the  proce 
is  called  diftillation.  4 

Rectification  is  a  fubfequent  did  illation  of  the  pr* 
duct  which  comes  over. 

In  the  diftillation  of  fuch  bodies  as  are  folid  i 
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e  uiual  temperature  of  the  atmofphere,  tlie  vapours  app'licat. 
p  fcarcely  condemned  before  they  become  folid.    In  V0F  "~AT^ 
.  is  cafe  the  procefs  is  called  fublimation  ;  and  the 
ndenfed  vapours,  which  ufually  have  a  powdery 
;m,  are  called  flowers;     Such  are  the  flowers  of  Flowers, 
imftone,  of  benjamin,  of  zinc,  &c.    Solid  products,  Sublimates, 
tained  in  this  way,  are  called  fublimates. 

Some  of  thefe  operations  may  be  performed  by  a  Common  fire, 
mraon  culinary  fire  j  and  indeed  moft  of  them  may 
len  the  quantities  of  matter  are  fmall,  which  is  ufu- 
y  the  cafe  in  philofophical  experiments*  In  the  arts, 
lere  every  procefs  requires  to  be  repeatedly  carried 

in  the  large  way,  a  variety  of  furnaces  have  been 
ltrived,  to  fuit  the  various  intentions  of  the  opera4 
is.    But  experimental  inquiries  demand  the  occa- 
nal  exertion  of  every  branch  of  chemical  operation  ; 

which  reafon,  the  furnaces  and  apparatus  ought  to 
conftructed  on  as  general  principles  as  poflible. 
The  velTels  ufed  in  chemiftry  are — Fig.  i.  Crucibles,  Crucibles.  Sea 
pots,  made  either  of  earth,  black  lead,  forged  iron,  the  plate* 
platina.    They  are  ufed  for  roafting,  calcination, 
1  fufion. 

Fig.  2.  Cucurbits,  mattrafles,  or  bodies,  which  are  Cucurbits,  or 
fs,  earthen,  or  metallic  veflels,  ufually  of  the  fliape  mattralles• 
an  egg>  and  °Pen  at  top.    They  ferve  the  purpofes 
digeilion,  evaporation,  &c. 

Fig.  3.  Retorts  are  globular  vefTels  of  earthen  ware,  Retorts, 
fs,  or  metal,  with  a  neck  bended  on  one  fide.  Some 
orts  have  another  neck  or  opening  at  their  upper 
•t,  through  which  they  may  be  charged,  and  the 
ining  may  be  afterwards  clofed  with  a  Hopper, 
efe  are  called  tubulated  retorts. 

D  2  Fig.  4. 
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Fig.  4.  Receivers  are  veffels,  ufually  of  glafs,  0 
fpherical  form,  with  a  Itraight  neck,  into  which  the  n 
Receivers.     of  the  retort  is  ufually  inferted.    When  any  pro 
fubftance  is  put  into  a  retort,  and  heated,  its  volatl 
\'         parts  pafs  over  into  the  receiver,  where  they  are  cell 
denfed. 

■of       Fig.  '5.  The  alembic  is  ufed  for  diftillation  when  trl 
products  are  too  volatile  to  admit  of  the  ufe  of  the 
mentioned  apparatus.  The  alembic  confi{ts*of  a  bodjl 
to  which  is  adapted  a  head  b.    The  head  is  of  a  il 
nical  figure,  and  has  its  external  circumference  il 
.  bafe  deprefled  lower  than  its  neck  \  fo  that  the  vapo>( 
which  rife,  and  are  condenfed  againft  its  fides-,  n 
down  into  the  circular  channel  formed  by  its  deprei 
part,  from  whence  they  are  conveyed  by  the  no 
beak  c,  into  the  receiver  d.    This  inftrument  is 
fimple  than  the  retort,  which  certainly  may  be 
for  the  rnofl  volatile  products,  if  care  be  taken  to 
ply  a  gentle  heat  on  fuch  occafions.    But  the  ale 
has  its  conveniencies.    In  particular,  the  refulue 
diftillations  may  be  eafily  cleared  out  of  the  bod 
and,  in  experiments  of  fublimation,  the  head  is  j 
convenient  to  receive  the  dry  products,  while  the 
volatile  and  elallic  parts  pafs  over  into  the  receiver 
— o>r  metal.  Fig.  <5,  Is  the  drawing  of  an  alembic  com 

made  in  metal.    The  head  is  contained  in  a  veflc 
cold  water,  to  accelerate  the  condenfation ;  a  mel 
which  is  not  fo  rational  as  that  of  cooling  the  recef 
becaufe  the  coldnefs  of  the  head,  in  the  former 
caufes  much  of  the  vapour  to  fall  again  into  the  b« 
Still ;  for  *rdent     Fig.  7,  Reprefents  the  large  dills  ufed  in  the 
lation  of  ardent  fpirits.  Inftead  of  ufing  a  refriger 
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er  the  fpirit  is  made  to  pafs  through  a  fpiral  apt lt cat. 
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,e  called  the  worm,  which  is  lmmeried  m  a  tub  ot  t  ^ 
d  water.    During  its  pafiage  it  is  condenfed,  and 
nes  out  at  the  lower  extremity,  e,  of  the  pipe,  in  a 
id  form. 

Hie  beft  conftruction  of  a  furnace  has  not  been  well  Furnaces, 
ertained  from  experience.  There ,are  fafts  which  fliew 
it  a  fire  made  on  a  grate  near  the  bottom  of  a  chim- 
f,  of  equal  width  throughout,  and  open  both  above  and 
ow,  will  produce  a  more  intenfe  heat  than  any  other 
•nace.  What  may  be  the  limits  for  the  height  of 
:  chimney,  is  not  afcertained  from  any  precife  trials 
t  thirty  times  its  diameter  would  not  probably  be  too 
rh.  It  feems  to  be  a  difadvantage  to  contract  the 
imeter  of  a  chimney,  fo  as  to  make  it  fmaller  than 
at  of  the  fire-place,  when  no  other  air  is  to  go  up 
j  chimney  than  what  Jias  pafled  through  the  fire ; 
d  there  is  no  profpecl:  of  advantage  to  be  derived 
:  mi  widening  it. 

Fig.  8,  Exhibits  the  common  fmall  furnace  for  Melting  furnace, 
siting,  a  is  the  afh-hole,  where  the  air  enters,  c  is 
fire-place,  containing  a  covered  crucible  ftanding 
a  fupport  of  baked  earth,  which  refts  on  the  grate, 
is  the  paffage  into  e  the  chimney.  At  d  is  a  (hallow 
uciblc  called  a  cupel,  placed  in  the  current  of  the 
me;  and  at  f  is  an  earthen  or  {lone  cover,  to  be  occa- 
mally  taken  ofr,  for  the  purpofe  of  fupplying  the  fire 
ith  fuel. 

Fig.  9,  Is  the  reverberatory  furnace,    a  is  the  fire-  Revei  Watory 
ace,  b  the  dome  and  chimney,  which  is  moveable,  fu^lace• 
ferves  to  reflect  the  flames,  and  caufcs  them  to  fur- 
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c,  which  is  by  that  means  mo 


Fuel 


Chemical  bath. 


Coating. 


ftrongly  heated  than  otherwife. 

Charcoal  is  the  material  mod  commonly  ufed 
furnaces.  It  produces  an  intenfe  heat,  without  fmc 
but  it  is  confumed  very  faft.  Coke,  or  charred 
coal,  produces  a  very  ftrong  and.  lafting  heat.  Nei 
ther  of  thefe  produce  a  ftrong  heat  at  a  diftance  fro~ 
the  fire.  "Where  the  action  of  flame  is  required,  w 
or  coal  muft  be  burned.  Several  inconveniencies 
tend  the  ufe  of  coal,  as  its  fuliginous  fumes,  and  i 
aptitude  to  flop  the  paflage  of  air,  by  becoming  fu 
It  is  ufed  however  in  the  reverberatory  furnaces 
glafs-houfes  ;  and  is  the  befl  material  where  vefTels  ar 
to  be  fupplied  with  a  great  quantity  of  heat  at  no  gr 
intenfity,  fuch  as  in  diftilleries,  &c. 

In  many  operations  where  a  moderate  and  reg 
heat  is  required,  it  is  advantageous  to  ufe  a  bath,  or 
coat  the  vefTel  intended  to  be  heated.    A  chem" 
bath  is  ufually  made  by  putting  a  quantity  of  water, 
or  other  fluid  or  pulverulent  fubftance,  into  a  met 
veiTel  or  pot,  and  immerfing  the  diftilling  vefTel  in  i 
When  the  water  or  fand  is  once  heated,  it  prevents 
fudden  changes  in  the  intenfity  of  the  fire  from  af 
ing  the  vefTel  that  contains  the  matter  under  exam' 
tion.    Chemical  baths  are  made  with  water,  fr 
iron  filings,  mercury,  and  with  the  fufible  compofiti 
of  eight  parts  bifmuth,  five  lead,  and  three  tin,  vhi 
becomes  fluid  with  a  lefs  heat  than  that  of  boi 


water. 

Coating  is  chiefly  intended  to  prevent  glafs  v< 
from  cracking  by  the  fudden  variations  of  heat ; 
ferves  likewife  to  render  them  capable  of  prefei 
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the-r  figure  in  higher  degrees  of  heat  than  they  could  applicat. 

J  fa  o  o  '  HEAT. 

fuftain  without  it.    The  materials  are  clay  and  fine  t  j 
land,  well  worked  together  into  a  pafte,  and  with  the 
addition  of  fome  hair,  fuch  as  the  bricklayers  life. 
•This  is  laid  upon  the  vefTel  in  fucceifive  thin  coatings. 

The  joints  or  clofures  of  vefiels  are  made  tight  by  Lutes, 
compofitions  called  lutes.  The  clay  and  fand  ufed  for 
coating,  make  a  very  good  lute.  In  the  diftillation 
of  fubftances  which  are  not  corrofive,  it  is  found  con- 
venient to  clofe  the  junctures  "with  paper,  or  linen, 
palled  on.  Wet  ftrips  of  bladder  may  alfo  be  ufed  in 
thefe  cafes.  Slacked  lime  and  the  whites  of  eggs  form 
a  good  lute,  which  fpeedily  dries  and  becomes  firm  j  but 
the  compofition  called  fat  lute  is  ufed  when  the  vapours 
are  of  a  corrofive  and  volatile  nature.  This  is  compofed  Fat  lute, 
of  clay,  firft  made  very  dry  and  pulverized,  and  then 
beat  together  into  a  pafte  with  linfeed  oil  which  has 
been  boiled  upon  litharge,  and  is  known  in  the  mops 
by  the  name  of  drying  oil.  Fat  lute  does  not  harden, 
but  requires  to  be  fecured  on  its  place  by  ftrips  of  linen 
dipped  in  the  lute  made  of  lime  and  whites  of  eggs. 

The  flame  of  a  lamp  with  many  fmall  wicks  may  Lamp, 
be  ufed  in  diftillation s  that  require  a  low  heat. 

An  ingenious  ftudent  in  chemiftry,  when  he  has  Facility  of  mak- 
familiarized  himfelf  with  the  firft  principles,  will  foon  lns  cxPcrlments- 
perceive  that  there  are  few  philofophical  inquiries,  if 
any,  that  require  a  large  apparatus  of  furnace,  or  vef- 
fels.  A  tobacco-pipe  is  a  very  ufeful  crucible,  in  which 
a  great  number  of  operations  may  be  performed  in  a 
common  fire,  efpecially  if  urged  with  a  pair  of  good 
double  bellows.  An  earthen  pot,  or  iron  ladle,  will 
contain  a  fand-bath;  and  apothecaries  phials,  or  Florence 
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flaflcs,  fcrve  very  well  for  mattrafles.  Chafing-difhes, 
or  fmall  iron  floves,  may  be  applied  to  ferve  many  ufeful 
purpofes.  And  the  blow-pipe  and  fpirit-lamp,  with  a 
fet  of  very  fmall  retorts  and  receivers,  may  be  adapted 
to  the  performance  of  almoft  every  part  of  experimen- 
tal chemiftry. 

The  ^black-lead  pots  are  very  convenient  for  con- 
flru&ing  a  variety  of  moveable  furnaces.    They  may 
be  cut  without  difficulty  by  a  faw  whofe  teeth  are  fet 
wide  j  and  very  eafily  admit  of  being  fcraped,  drilled, 
or  ground  with  fand,  to  give  them  the  requifite  figure. 
In  Dr.  Lewis's  conftruclion,  from  whom  the  four  fol 
lowing  figures  are  taken  *,  the  pots  which  are  intende 
to  be  applied  to  each  other,  are  ground  flat  upon 
{tone,  with  a  little  fand  •,  the  holes  are  fawed  with  th 
common  compafs-faw  of  the  carpenters,  and  are  mad 
a  little  narrower  externally  than  internally  ;  by  whic 
means  it  is  eafy  to  fit  them  with  ftoppers  made  out  o 
the  broken  pieces,  that  may  be  bought  where  the  po" 
are  fold.    Three  or  four  hoops  of  copper-wire,  abou 
the  thicknefs  of  a  crow  quill,  and  nrft  foftened  by  heat 
ing  it  red-hot,  are  fattened  round  the  pots  in  the  mo 
convenient  places,  to  render  them  more  durable  b 
keeping  their  parts  together,  after  they  may  have  bee 
craked.    A  thin  copper  hoop  ferves  to  fecure  the  plac 
of  junction  of  two  pots. 
Furnace  for  oper*     Fig.  10,  Reprefents  a  furnace  for  open  fire  forme 
ftfc'  by  one  pot.    The  lower  fquare  aperture  is  the  door  o 

the  afh-pit,  and  the  upper  one  the  door  of  the  fire-placeii 
which,  in  the  intentions  this  furnace  is  defigned  for,  it* 
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-ptfliut.    The  charcoal  is  put  in  at  the  top,  and  fup-  appUcat. 
led  with  air  by  one  or  more  of  the  lower  apertures  ; 
Ad  the  intenfity  of  the  fire  may  in  fome  meafure  be 
gulated  by  more  or  lefs  clofing  of  the  apertures.  If 
1  iron  pot,  a  ladle,  or  an  old  frying-pan,  containing 
nd,  be  put  over  this  fire  on  three  iron  fupporters,  fo 
to  leave  room  for  the  efcape  of  the  burned  air  from 
fie  fire,  a  bath  will  be  formed,  in  which  digeftions,  Bath, 
"ftillations,  and  other  chemical  operations,  may  be  per- 
;->rmed.    The  round  hole  in  the  bottom  ferves  to  in- 
:rt  the  nozzle  of  a  pair  of  bellows,  which,  when  the 
:  ther  apertures  are  flopped,  converts  it  into  a  blaft 
.irnacc. 

Fig.  1 1,  Is  a  wind  furnace,  formed  by  two  pots  ap-  Moveable  wind 
i  lied  mouth  to  mouth.    An  iron  chimney  compofed  of furnace* 
ieccs,  by  which  its  length  may  be  regulated  fo  as  to 
.acreafe  the  draft  at  pleafure,  is  put  on  the  top.  The 
;  rucible  containing  the  fubjetl:  matters,  is  placed  upon 
circular  piece  of  brick  laid  upon  the  grate,  which 
prevents  the  cold  air  from  immediately  ftriking  the 
rucible,  and  endangering  the  breaking  it.    The  char- 
oal  is  put  through  the  fire-place  door,  or  larger  aper- 
ure  of  the  dome,  or  upper  pot,  which  mould  always 
>e  clofed  immediately  after  each  fupply  of  fuel.  The 
rwo  oppofite  holes  in  the  upper  part  of  the  dome  af- 
ord  the  conveniency  of  palling  an  iron  rod  through, 
."or  fafely  and  commodioully  lifting  it  when  intenfely 
heated. 

Fig.  12,  Is  a  furnace  confiding  of  two  pots,  fepa-  Reverbcratory 
rated  by  an  iron  hoop,  in  which  an  opening  or  door 
is  cut.    It  ferves  for  a  reverberatory  furnace  for  diftil- 
Ung  with  retorts  of  earthen  ware  or  coated  glafs.  The 

bottom 
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bottom  of  the  diftilling  vefTel  refts  on  two  bars  lai 
acrofs  within  the  lower  pot.    If  the  grate  of  this  ft 
nace  be  occafionally  changed  for  a  larger,  which  maj 
be  placed  near  the  edge  of  the  lower  pot,  a  muffle,  cl 
fmall  earthen  oven,  may  be  placed  in  the  midfl  J 
the  fire,  witli  its  month  oppofitc  the  hole  in  the  irol 
hoop.    In  this  may  be  performed  all  procefTes  that 
quire  the  admiflion  of  air,  and  frequent  infpeetion,  fuc 
as  afTays,  enamelling,  &c. 

Fig.  13,  Is  an  improved  blaft:  furnace.  The 
which  contains  the  fuel  for  this  purpofe,  has  a  nu 
of  holes  bored  at  fmall  distances,  in  fpiral  lines,  all  o 
it,  from  the  bottom  up  to  fuch  an  height  as  it  is 
figned  the  fuel  fhall  reach.    The  crucible  is  plac 
upon  a  proper  fupport  in  the  bottom  ;  and  the  he1 
are  made,  not  in  a  perpendicular  direction  to  i 
but  oblique,  that  the  ftreams  of  air  forced  in  throu 
them  may  but  juft  touch  it :  by  this  means  the  cruc 
ble  is  in  no  danger  of  being  cracked  by  the  blaft,  a 
the  impelled  heat  plays  in  a  kind  of  fpiral  upon  its  fi 
face.  The  lower  pot  receives  this  perforated  pot  to  fuch 
depth  that  all  its  holes  hang  in  the  cavity  j  which  cavi 
having  no  other  outlet  than  the  aperture  for  the  bellow 
the  air  blown  in  through  this  aperture  neceflarily  di 
tributes  itfelf  through  the  perforations  of  the  inner  po 
Both  pots  may  be  of  the  largeft  fize,  the  external  nai 
row  part  of  the  inner  falling  into  the  wide  mouth  « 
the  outer.    It  wants  no  addition  to  its  height  j  bu 
on  the  contrary,  will  be  more  commodious  in  regard  i 
the  infpe&ion  and  taking  out  of  the  crucible,  if  all  ttt 
part  above  where  the  fuel  reaches  be  fawed  away.  Trl 
moft  convenient  cover  for  it,  is  an  iron  plate  with 
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round  hole  in  the  middle,  and  a  handle  projecting  at  applicat. 

/-  ,     r      it  •        •  ft  \  OF  HEAT. 

jne  fide  for  lifting  it.    (Letter  a.) 

The  force  of  the  fire  being  thus  in  a  great  meafure 
roncentrated  upon  the  crucible  in  the  middle  of  the 
uel,  the  crucible  is  heated  expeditioufly,  and  with  a 
:ittle  quantity  of  fuel,  to  a  very  intenfe  degree  •,  while 
iie  exterior  parts  of  the  furnace  are  of  no  great  heat, 
md  permit  the  operator  to  approach  without  incom- 
noding  him. 

Every  effect,  of  the  molt  violent  heat  of  furnaces  may  Blow-pipc« 
De  produced  by  the  flame  of  a  candle,  or  lamp,  urged 
jpon  a  fmall  particle  of  any  fubftance  by  the  blow- 
pipe. This  inftrument  is  fold  by  the  ironmongers  ;  and 
confifts  merely  of  a  brafs  pipe,  about  one  eighth  of  an 
inch  diameter  at  one  end,  and  the  other  tapering  to  a 
much  lefs  fize,  with  a  very  fmall  perforation  for  the 
wind  to  efcape.    The  fmaller  end  is  bended  on  one 
fide.    For  philofophical,  or  other  nice  purpofes,  the 
blow-pipe  is  provided  with  a  bowl,  or  enlargment,  b, 
(fig.  14),  in  which  the  vapours  of  the  breath  are  con- 
demned and  detained   and  alfo  with  three  or  four  fmall 
nozzles,  with  different  apertures,  to  be  flipped  on  the 
fmaller  extremity.    Thefe  are  of  ufe  when  larger  or 
fmaller  flames  are  to  be  occasionally  ufed  ;  becaufe  a 
larger  flame  requires  a  larger  aperture,  in  order  that 
:the  air  may  effectually  urge  it  upon  the  matter  under 
examination. 

There  is  an  artifice  in  the  blowing  through  this  pipe,  Artifice  cf  blow, 

which  is  more  difficult  to  defcribe  than  to  acquire.  The  h.,g  throu6h  *** 

rc  >\.  •  pipe, 
effect  intended  to  be  produced  is  a  continual  ftream  of 

;  air  for  many  minutes,  if  neceflary,  without  ceafing. 

This  is  done  by  applying  the  tongue  to  the  roof  of  the 

mouth, 
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Flame  urged  by 
k&e  blow-pipe. 


The  fubjett  to 
fcc  heated. 


mouth,  fo  as  to  interrupt  the  communication  between 
the  mouth  and  the  paflage  of  the  noftrils  :  by  which 
means  the  operator  is  at  liberty  to  breathe  through  the 
noftrils,  at  the  fame  time  that,  by  the  mufcles  of  the  lips, 
he  forces  a  continual  ftream  of  air  from  the  anterior 
part  of  the  mouth  through  the  blow-pipe.  When  the 
mouth  begins  to  be  empty,  it  is  replenished  by  the  lungs 
in  an  inftant ;  while  the  tongu?  is  withdrawn  from  the 
roof  of  the  mouth,  and  replaced  again  in  the  fame  man- 
ner as  in  pronouncing  the  monofyllable  tut.  In  this  way 
the  ftream  may  be  continued  for  a  long  time  without 
any  fatigue,  if  the  flame  be  not  urged  too  impetuoufly ; 
and  even  in  this  cafe  no  other  fatigue  is  felt  than  that 
of  the  mufcles  of  the  lips. 

A  wax-candle  of  a  moderate  fize,  but  thicker  wick 
than  they  arc  ufually  made  with,  is  the  moft  conve- 
nient for  occafional  experiments ;  but  a  tallow-candle 
will  do  very  well.  The  candle  fhould  be  muffed  rather 
fhort,  and  the  wick  turned  on  one  fide  towards  the 
object,  fo  that  a  part  of  it  fhould  lie  horizontal.  The 
ftream  of  air  muft  be  blown  along  this  horizontal  part 
as  near  as  may  be  without  ftriking  the  wick.  If  the 
flame  be  ragged  and  irregular,  it  is  a  proof  that  the 
hole  is  not  round  or  frnooth ;  and  if  the  flame  have  a 
cavity  through  it,  the  aperture  of  the  pipe  is  too 
large.  When  the  hole  is  of  a  proper  figure,  and  duly 
proportioned,  the  flame  confifts  of  a  neat  luminous  blue 
cone,  furrounded  by  another  flame  of  a  more  faint  and 
indiftincl:  appearance.  The  ftrongeft  heat  is  at  the 
point  of  the  inner  flame. 

The  body  intended  to  be  a£led  on  by  the  blow-pipe,  i 
ought  not  to  exceed  the  fize  of  a  pepper-corn.  It  may  be; 
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xld  upon  a  piece  of  clofe-grained  well-burned  charcoal,  applicat. 
mlefs  it  be  of  fuch  a  nature  as  to  fink  into  the  pores  of  .  \ 
hat  fubftance,  or  to  have  its  properties  affected  by  its 
nilammable  quality.    Such  bodies  may  be  placed  in  a 
"mall  fpoon  made  of  pure  gold,  or  filver,  or  platina. 
Many  great  advantages  may  be  derived  from  the  ufe  Advantages  of 

J  o  o  *  the  blow-pipe : 

bf  this  fimple  and  valuable  inftrument.  Its  fmaJlneis, 
which  renders  it  fuitable  to  the  pocket,  is  no  inconfide- 
rable  recommendation.  The  mod  expenfiye  materials, 
and  the  minuteft  fpecimeus  of  bodies,  may  be  ufed  in 
thefe  experiments  •,  and  the  whole  procefs,  inftead  of  > 
being  carried  on  in  an  opake  veflel,  is  under  the  eye  of 
lthe  obferver  from  beginning  to  end.  It  is  true  that  viery 
little  can  be  determined  in  this  way  concerning  the 
quantities  of  products  ;  but  in  moft  cafes  a  knowledge 
of  the  contents  of  any  fubftance  is  a  great  acquifition, 
which  is  thus  obtained  in  a  very  fhort  time,  and  will  at 
all  events  ferve  to  mew  the  bed  and  lead  expenfive  way 
of  conducting  procefles  with  the  fame  matters  in  the 
larger  way. 

The  blow-pipe  *  has  defervedly  of  late  years  been  —its  ufe  rcn- 
confidered  as  an  eflential  inftrument  in  a  chemical  la-  bdiowi^ 
boratory;  and  feveral  attempts  have  been  made  to  faci- 
litate its  ufe  by  the  addition  of  bellows,  or  fome  other 
equivalent  inftrument.  Thefe  are  doubtlefs  very  con- 
venient, though  they  render  it  lefs  portable  for  mineralo- 
gical  refearches.  It  will  not  here  be  neceflary  to  enter 
into  any  defcription  of  a  pair  of  double  bellows  fixed 
under  a  table,  and  communicating  with  a  blow-pipe 

r-  See  Magellan's  edition  of  Cronftedt's  Mineralogy,  or  Berg-  • 
mann's  Chemical  Efiays, 

which 
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ippLrcAT.  which  pafies  through  the  table.    Smaller  bellows,  of  a 
portable  fize  for  the  pocket,  have  been  made  for  the 
fame  purpofe.    The  ingenious  chemift  will  find  no 
great  difficulty  in  adapting  a  bladder  to  the  blow-pipe, 
which,  under  the  preffure  of  a  board,  may  produce  a 
conftant  ftream  of  air;  and  may  be  replenished,  as  it  be- 
comes empty,  by  blowing  into  it  with  bellows,  or  the 
mouth,  at  another  aperture  furnimed  with  a  valve 
opening  inwards. 
Blow-pipe  with     The  chief  advantage  thefe  contrivances  have  over  the 
TitaWir,         common  blow-pipe  is,  that  they  may  be  filled  with 
vital  or  dephlogifticated  air,  which  increafes  the  a&t- 
ity  of  combuftion  to  an  aftonilhing  degree. 


CHAT. 
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CHAP.  V. 

tfCERNING    THE    METHODS    OF    MAKING  EXPERI- 
MENTS ON  BODIES  IN  THE  FLUID  AND 
IN  THE  AERIFORM  STATE. 

^ROM  the  preceding  chapter,  the  methods  of  con-  processes 

,  .  ,  r  ,   t  1  i     1  •  WITHOUT 

duding  proceffes,  in  which  confiderable  heat  is  heat. 
[uired,  may  be  eafily  underftood.   Little  need  be  faid 
acerning  the  manner  of  making  experiments  with 
id  bodies  in  the  common  temperature  of  the  atmo- 
lere.  Bafons,  cups,  phials,  mattraffes,  andother  fimilar  Apparatus  foe 

r     r  denfe  fluids. 

Tels,  form  the  whole  apparatus  required  for  the  pur-  , 
fe  of  containing  the  matters  intended  to  be  put  toge- 
:r-,  and  no  other  precaution  or  inftruction  is  required, 
in  to  ufe  a  veflel  of  fuch  materials  as  mail  not  be  cor- 
led  or  acted  upon  by  its  contents,  and  of  fufHcient 
:3acity  to  admit  of  any  fudden  expanfion,  or  frothing 
i  the  fluid,  if  expected.    This  veflel  muft  be  placed 
a  current  of  air,  if  noxious  fumes  arife,  in  order 
it  thefe  may  be  blown  from  the  operator. 
The  method  of  making  experiments  with  perma-i— for  daftic 
ntly  elaftic  fluids  or  air,  though  fimple,  is  not  fo 
vious.    We  live  immerfed  in  an  atmofphere  not 
eatly  differing  in  denfity  from  thefe  fluids  ;  which  are 
>t,for  thatreafon,  fufficiently  ponderous  to  be  detained 
open  veflels  by  their  weight.    Their  remarkable  le- 
ty,  however,  affords  a  method  of  confining  them,  by 
eans  of  other  denfer  fluids.    Dr.  Prieftley,  whofe  la- 
mrs  have  fo  far  exceeded  thofe  of  his  predeceflbrs  and 
-temporaries,  both  in  extent  and  importance,  that  he 
3  may 
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trocesses  may  with  juflice  be  ftyled  the  father  of  this  import 

W  he  at-U  T  branch  0I"  natural  philofophy,ufes  the  following  apparattt 

*  v  f      Fig.  15.  a  reprefents  a  wooden  veflel,  or  tub;  k,  k, 

«pcrlments°l  *&  a  ^ie^  ^xec^  m  tne  tu^'  When  this  apparatus  i 
with  ehftic      ufecj   tne  tub  js  t0  be  fjied  with  water  to  fuch  a 

fluids. 

height,  as  to  rife  about  one  inch  above  the  up 
furface  of  the  fhelf.    b,  g,  f,  are  glafs  jars  invert 
with  their  mouths  downwards,  which  reft  upon  th 
fhelf.    If  thefe,  or  any  other  veflels  open  only  at  on 
end,  be  plunged  under  the  water,  and  inverted  aff 
they  are  filled,  they  will  remain  full,  notwithftandhi 
their  being  raifed  out  of  the  water,  provided  their  mouth 
be  kept  immerfed ;  for  in  this  cafe  the  water  is  fui 
tained  by  the  preflure  of  the  atmofphere  in  the  fa 
manner  as  the  mercury  in  the  barometer.    It  ma 
without  difficulty  be  imagined,  that  if  common  air,  c 
any  other  fluid  refembling  common  air  in  lightne: 
and  elafticity,  be  fuffered  to  enter  thefe  veflels,  it  wii 
rife  to  the  upper  part,  and  the  furface  of  the  wati 
will  fubfide.    If  a  bottle,  a  cup,  or  any  other  ve 
in  that  Mate  which  is  ufually  called  empty,  thou 
really  full  of  air,  be  plunged  into  the  water  with  i 
mouth  downwards,  fcarcely  any  water  will  enter,  bf 
caufe  its  entrance  is  oppofed  by  the  elafticity  of  the  it 
eluded  air;  but  if  the  veflel  be  turned  up,  it  jmmea 
ately  fills,  and  the  air  rifes  in  one  or  more  bubbles  \ 
the  furface.    Suppofe  this  operation  to  be  perform^ 
under  one  of  the  jars  which  are  filled  with  water  :  tf 
air  will  afcend  as  before ;  but,  inftead  of  efcaping,  j 
will  be  detained  in  the  upper  part  of  the  jar.    In  tljj 
manner,  therefore,  we  fee  that  air  may  be  emptied  oil 
of  one  veflel  into  another,  by  an  inverted  pouringi  | 

whiff 
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Ich  the  air  is  made  to  afcend  from  the  lower  to  the  processes 

.  .  ,     ,  .  r  j    WITH  ELAS- 

per  veflel,  in  which  the  experiments  are  performed,  tjc  fluids> 
the  action  of  the  weightier  fluid,  exattly  fimilar  ^ 


the  common  pouring  of  denfer  fluids,  detained  ^"^f™ 
che  bottoms  of  open  veflels,  by  the  fimple  adion  of  with  a aftic 
vity.    When  the  receiving  veflel  has  a  narrow 
:k,  the  air  may  be  poured  through  a  glafs  funnel,  h. 
2  (fig.  15)  is  a  glafs  body  or  bottle,  whofe  bottom  Body  and  tube, 
down  very  thin,  that  it  may  fupport  the  heat  of  a 
idle,  fuddenly  applied,  without  cracking.  In  its  neck 
fated,  by  grinding,  a  tube  d,  curved  nearly  in  the 
m  of  the  letter  s.  This  kind  of  veflel  is  very  ufeful  in 
ious  chemical  operations,  for  which  it  will  be  con- 
lient  to  have  them  of  feveral  fizes.    In  the  figure, 
:  body  c  is  represented  as  containing  a  fluid,  in  the 
of  combining  with  a  fubftance  that  gives  out  air, 
ich  pafles  through  the  tube  into  the  jar  b,  under 
)  ofe  mouth  the  other  extremity  of  the  tube  is  placed. 
e  is  a  fmall  retort  of  glafs  or  earthen  ware,  whofe 
;k  being  plunged  in  the  water,  beneath  the  jar  f,  is 
»pofed  to  emit  the  elaftic  fluid,  extricated  from  the 
itents  of  the  retort,  which  is  received  in  the  jar. 
When  any  thing,  as  a  gallipot,  is  to  be  fupported  at  Stand  or  fupport 
onfidcrable  height  within  a  jar,  it  is  convenient  to  of  wirc* 
.re  fuch  wire  (lands  as  are  reprefented  fig.  16.  Thefe 
Twer  better  than  any  other,  becaufe  they  take  up 
t  little  room,  and  are  eafily  bended  to  any  figure  or 
ight. 

In  order  to  expel  air  from  folid  fubftances  by  means  Gun-Wrel, 
heat,  a  gun-barrel,  with  the  touch-hole  fcrewed  up 
d  rivetted,  may  be  ufed  inftead  of  an  iron  retort. 

E  The 
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apparatus  The  fubjecT:  may  be  put  in  the  chamber  of  the  barr'e 

tu^tlvid's  anc*  ^e  re^  °^  t^ie  ^ore  may  ^e  filled  with  dry  fund 
that  has  been  well  burned,  to  expel  whatever  air  i 
might  have  contained.    The  ftem  of  a  tobacco-pij 
or  a  fmall  glafs  tube,  being  luted  in  the  orifice  of  th 
barrel,  the  other  extremity  muft  be  put  into  the 
that  the  heat  may  expel  the  air  from  its  contents, 
air  will  of  courfe  pafs  through  the  tube,  and  may 
received  under  an  inverted  veflel,  in  the  ufual  manne 
But  the  molt  accurate  method  of  procuring  air  fror 
feveral  fubftances,  by  means  of  heat,  is,  to  put  them, 
they  will  bear  it,  into  phials  full  of  quickfilver,  with 
mouths  inverted  in  the  fame,  and  then  throw 
Burning  lens,  or  focus  of  a  burning  lens  or  mirror  upon  them.   For  thi 
purpofe  their  bottoms  fliould  be  round,  and  very 
that  they  may  not  be  liable  to  fly  with  the  fudden  a 
plication  of  heat.    The  body  c  anfwers  this  purpo 
very  well.- 

Many  kinds  of  air  combine  with  water,  and  ther 
fore  require  to  be  treated  in  an  apparatus  in  whi 
quickfilver  is  made  ufe  of.  This  fluid  being  ve 
ponderous,  and  of  confiderable  price,  it  is  an  obje 
of  convenience  as  well  as  ceconomy,  that  the  troi 
and  veflels  fliould  be  fmaller  than  when  water 
ufed. 

When  trial  is  to  be  made  of  any  kind  of  aif,  wl 
ther  it  be  fit  for  maintaining  combuflion,  the  air 
be  put  in  a  long  narrow  glafs  vcfTel,  whofe  mouth 
ing  carefully  covered,  may  be  turned  upward.  A 
of  wax  candle  being  then  fattened  to  the  end  of  a  wijj 
which  is  bended  fo  that  the  flame  of  the  candle  may 

UP 
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lermoft,  is  to  be  let  down  into  the  vefiel,  which  apparatus 
ft  be  kept  covered  till  the  inftant  of  plunging  the  TIC  FLUIDS. 
>red  candle  in  the  air.  —  /  ' 

Where  the  change  of  dimenfions,  which  follows  Meafuring tubes, 
in  the  mixture  of  feveral  kinds  of  air,  is  to  be  afcer- 
ied,  a  graduated  narrow  cylindrical  vefTel  may  be 
de  ufe  of.    The  graduations  may  be  made  by  pour-* 
in  fucceffive  equal  meafures  of  water  into  this  vef- 
and  marking  its  furface  at  each  addition^  The 
afure  may  be  afterwards  ufed  for  the  different  kinds 
air  t  and  the  change  of  dimenfions  will  be  {hewn  by 
rife  or  fall  of  the  mercury,  or  water,  in  the  graduated 
Tel.    The  purity  of  common  air  being  determinable 
the  diminution  produced  by  the  addition  of  nitrous 
,  thefe  tubes  have  been  called  eudiometer  tubes, 
ere  are  inftruments  called  eudiometers,  which  con-  Eudiometers, 
of  an  affemblage  of  parts  adapted  to  the  due  mix- 
e  of  thefe  airs,  and  the  accurate  measurement  of 
change  of  bulk  they  undergo. 

There  are  fome  fubftances,  more  efpecially  powders,  Management  of 
uch  cannot  conveniently  be  put  in  a  phial,  or  pafled  powdc's* 
ough  a  fluid.    When  air  is  to  be  extricated  from, 
added  to,  thefe,  there  is  no  better  method  than  to 
ce  them  on  a  Hand  under  the  receiver  of  the  air- 
~np,  and  exhauft  the  common  air,  inflead  of  ex* 
ding  it  by  water  or  mercury.    This  procefs  re- 
res  a  good  air-pump  and  careful  management, 
lerwife  the  common  air  will  not  be  well  excluded. 
It  is  frequently  an  interefling  object  to  pafs  the  elec-  Eleftrk  fpark, 
:  fpark  through  different  kinds  of  air,  either  alone 
mixed  together.    In  this  cafe  a  metallic  wire  may 
fattened  in  the  upper  end  of  a  tube,  and  the  fparks, 

E  2  or 
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apparatus  or  fhock,  may  be  paffed  through  this  wire  to  the  mer4 

tic%luids.  cury  or  water  ufe&  t0  confine  the  2ir.  If  there  bej 
reafon  to  apprehend  that  an  expanfion  in  the  air  may! 
remove  the  mercury  or  water  beyond  the  flrikinc 

diftance,  another  wire  may  be  thruft  up  to  receive 

electricity,  or  two  wires  may  be  cemented  into  oppc 

fite  holes  in  the  fides  of  an  hermetically  fealed 

Holes  drilled  in  Holes  may  be  made  in  glafs  for  this  and  other  chei 
glafs. 

cal  ufes,  by  a  drill  of  copper,  or  foft  iron,  with  emer 
and  water ;  and,  where  this  inftrument  is  wanting,  I 
fmall  round  file  with  water  will  cut  a  notch  in  fn 
veffels,  fuch  as  phials  or  tubes,  though  with  foi 
danger  of  breaking  them.  In  fome  electrical  exj 
ments  of  the  kind  here  mentioned,  there  is  reafon 
expect  a  fallacious  refult  from  the  wires  being  bui 
by  the  expldfion,  or  fpark.  For  this  reafon  the 
tricity  may  be  made  to  pafs  through  the  legs  of  a 
phon,  containing  the  air  which  is  under  confideratid 
in  the  upper  part  of  its  curvature.  One  of  the  vefla 
in  which  the  legs  of  the  fyphon  reft,  muft  therefore 
infulated  j  and  if  any  watery  fluid  be  ufed  to  coi 
the  air,  it  is  generally  fuppofed  that  no  combuftij 
takes  place. 

The  procefs  of  impregnating  water  with  any  ae 
fluid  it  will  combine  with,  does  not  require  any  ps 
cular  apparatus,  but  may  be  performed  with  fuch  ut 
fils  as  are  every  where  to  be  met  with.  The 
ufual  operation  of  this  kind  is  that  of  impregnat 
—with  fixed  air.  water  with  fixed  air;  which  may  be  done  in  the 
lowing  manner.    The  quart  bottle  c,  fig.  17,  is  fill 
with  water,  and  inverted  into  the  bafon  f,  which  li| 
wife  contains  a  little  water.    The  inverfion  may! 

cal 
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fily  managed,  without  any  of  the  contents  of  the  bot-  apparatus 
efcaping.  if  its  orifice  be  covered  with  a  card,  to  F0*  ^f^I 

r     o'  '         TIC  FLUIDS. 

withdrawn  after  the  immerfion.    a  is  a  half-pint  t       v  J 
ial,  into  which  broken  pieces  of  marble  or  chalk  are 
i:;  and  upon  them  is  poured  as  much  water,  ren- 
ted very  acid  by  a  mixture  of  oil  of  vitriol,  as  may 
I  the  bottle  two-thirds,    b  is  a  bladder,  whofe  neck 
I  tied  faft  round  a  perforated  cork  of  a  tapering  figure, 
fter  the  effervefcence  of  the  chalk  and  the  acid  has 
;  :gun,  the  cork  is  to  be  thruft  into  the  neck  of  the 
lial  a,  the  bladder  being  previoufly  emptied  by  pref- 
:re.    Fixed  air  will  efcape  from  the  chalk,  and  inflate 
ie  bladder.    When  this  laft  is  full,  it  muft  be  dif- 
lgaged  from  the  bottle,  and  the  bended  tube  E  muft 
i  thruft  into  the  orifice  of  its  cork.    The  aperture  of 
:ie  tube  being  then  placed  beneath  the  mouth  of  the 
Dttle  c,  it  is  eafy  to  difcharge  the  aerial  contents  of 
ie  bladder  by  preflure  into  this  laft.    Agitation  of 
ae  bottle  c,  without  withdrawing  its  neck  out  of  the 
rater,  increafes  the  contact  of  the  air  and  water,  by 
'ividing  them  into  fmall  parts,  and  by  that  means 
aufes  the  abforption  to  take  place  in  a  few  feconds. 
'•wo  or  three  repetitions  of  this  procefs  impregnates 
i  he  water  fo  fully,  that  it  will  abforb  no  more  in  this 
ray.    The  Pyrmont  water  is  of  this  kind. 

The  ufe  of  the  bladder,  in  this  operation,  is  only 
o  prevent  any  of  the  fluid  contents  of  the  bottle  a  from 
Jaffing  into  the  bottle  c,  which  would  happen  in  the 
violent  ftate  of  ebullition,  if  the  tube  e  were  to  pafs 
iiredly  from  the  bottle  a  to  c.  The  manipulation  is 
Implerif  the  bladder  have  two  holes  at  its  oppofite 

E  3  ends, 
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apparatus  ends,  the  one  containing  a  cork,  conftantly  kept  in  thel 

FOR  E  L  A  S  *™ 

tic  fluids   ne°k  °^  tne  bottle  A,  and  the  other  faftened  round  the 


Dr.  Nooth's  ap. 
paratus. 


tube  e,  which  then  remains  conftantly  beneath  thd 
mouth  of  c ;  and  the  air  is  prefled  up  as  occafion  may 
demand.    See  fig.  18. 

When  habitual  ufe  is  made  of  water  impregnated 
with  fixed  air,  the  apparatus  of  Dr.  Nooth  is  very  ef- 
fectual and  convenient.  It  confifts  of  three  glafs  vet 
fels  (fig.  19).  The  lower  veflel  c  contains  the  effer- 
vefcent  materials :  it  has  a  fmall  orifice  at  d,  ftopped 
with  a  ground  ftopper,  at  which  an  additional  fupply 
of  either  acid,  or  water,  or  chalk,  may  be  occafionauy 
introduced.  The  middle  veflel  b  is  open  both  above 
and  below.  Its  inferior  neck  is  fitted  by  grinding  into 
the  neck  h  of  the  lower  veflel.  In  the  former  is  3 
glafs  valve,  formed  by  two  pieces  of  tube,  and  a  lens, 
which  is  moveable,  between  them,  as  reprefented  in 
fig.  20.  This  valve  opens  upwards,  and  fuflers  tl 
air  to  pafs ;  but  the  water  cannot  return  through  the 
tubes,  partly  becaufe  the  orifice  is  capillary,  and  partly 
becaufe  the  flat  lens  covers  the  hole.  The  middle 
veflel  is  furnifhed  with  a  cock  e,  to  draw  off"  its  con- 
tents.  The  upper  veflel  a  is  fitted,  by  grinding,  into 
the  upper  neck  of  the  middle  veflel.  Its  inferior  part 
confifts  of  a  tube,  that  pafles  almoft  as  low  as  the 
centre  of  the  middle  veflel.  Its  upper  orifice  is  clofed 
by  a  ground-ftopper  f.  When  this  apparatus  is  tofl 
ufecj,  the  effervefcent  materials  are  put  into  the  lower 
veflel 4  the  middle  veflel  is  filled  with  pure  water,  and 
put  in  its  place ;  and  the  upper  veflel  is  nearly  flopped, 

anfj  likewife  put  in  its  place.    The  confequence  is* 

that 
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,  the  fixed  air,  paffing  through  the  valve  at  H,  apparatus 
ends  into  the  upper  part  of  the  middle  veffel  b,  tic  fluids. 
,re,  by  its  elafticity,  it  re^s  on  the  water  and 
ces  part  up  the  tube  into  the  veffel  a-,  part  ot  the  paratus , 
union  air,  in  this  laft,  being  comprefled,  and  the 
t  efcaping  by  the  (topper,  which  is  made  of  a  coni- 
.  figure,  that  it  may  be  eafily  raifed.    As  more  fixed 
is  extricated,  more  water  rifes,  till  at  length  the 
•iter  in  the  middle  veffel  falls  below  the  lower  orifice 
the  tube.    Fixed  air  then  paffes  through  the  tube 
to  the  upper  veffel,  and  expels  more  of  the  common 
r  by  raifing  the  ftopper.    In  this  fituation  the  water 
I  both  veffels,  being  in  contad  with  a  body  of  fixed 
,r,  becomes  flrongly  impregnated  with  that  fluid,  af- 
r  a  certain  time.    This  effea  may  be  haftened  by 
king  off  the  middle  and  upper  veffels  together,  and 
ritating  them. 

The  valve  is  the  moft  defeaive  part  of  this  appa-  ~^Jalve  d<" 
;.tus:  for  the  capillary  tube  does  not  admit  the  air 
nrough,  unlefs  there  be  a  confiderable  quantity  con- 
enfed  in  the  lower  veffel :  and  the  condenfation  has, 
1  fome  inftances,  burft  the  veffel. 

Modern  difcoveries,  refpeaing  bodies  in  the  aeriform 
:ate,  have  produced  feveral  capital  improvements  in 
he  veffels  ufed  for  diftillation.  It  was  common  with 
he  earlier  chemifts  to  make  a  fmall  hole  in  the  upper 
oart  of  their  retorts,  that  the  elaftic  vapours  might 
:fcape,  which  would  otherwife  have  burft  the  veffels. 
By  this  means  they  loft  a  very  confiderable  part  of 
Jieir  produfts,    Tig.  21,  is  an  apparatus  of  veffels  #, 

Pricftley,  III. 
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vessels  in  which  all  the  produces  may  be  examined,  a  is  a 
F0R?i!>TIL    mattrafs,  which  communicates  with  the  receiver  b,  bv 

i  v .,  _  j  a  tube  that  reaches  very  near  the  bottom  of  the  latter. 

recovers?1011  °f  ^he  uPPer  Part  °f  tnis  receiver  communicates  in  the 
fame  manner  with  the  fecond  receiver  c,  by  a  tube, 
reaching  nearly  to  the  bottom  of  c.  In  like  manner 
c  communicates  with  d,  and  from  d  proceeds  a  re* 
curved  tube,  which  may  be  inferted  beneath  an  in- 
verted veflel  of  water,  or  mercury.  It  is  evident,  in 
this  apparatus,  that  whatever  volatile  matter  efcapes 
from  the  veflel  a,  by  heat  or  otherwife,  will  either 
be  condenfed  in  b,  c,  or  d  5  and  that  the  aerial  products 
will  pafs  through  the  whole  fet,  and  through  the  re- 
•  curved  tube,  into  the  inverted  veflel,  Thefe  receivers 
may  be  more  or  lefs  numerous,  according  to  circum 
fiances ;  and  the  volatile  products  may  be  condenfec 
in,  or  made  to  pafs  through,  water,  oil,  or  any  othei 
fluids  placed  in  either  of  the  receivers.  The  tubes, 
may  be  either  fitted  in  with  cork  and  cement ;  or 
which  is  better,  but  more  expenfive,  by  grinding. 
Small  vefTels  of  this  kind  form  a  convenient  interrupt 
tion  in  the  recurved  tube,  pafling  from  a  bottle  con- 
taining matters  that  give  out  air,  as  they  are  preferable 
in  clofenefs  and  neatnefs  to  a  bladder. 
Improved  re-  Fig.  22,  Exhibits  an  improvement  in  the  receiver  in 
diftillation  *.  A  is  the  retort,  b  an  intermediate  vefc 
fel,  called  an  adopter,  which  is  only  occafionally  ufed, 
c  the  receiver,  having  two  necks;  one  at  d,  inferted 
info  a  bottle  which  receives  the  products  which  are. 


*  By  Mr.  Woulfc.  Pricftley,  III. 
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jfually  condenfed  in  the  receiver  •,  and  the  other,  at  E,  vessels 
xanfmits  the  more  volatile  or  aeriform  produfts  into  a  FOR]DNI^ILL* 

>afon  g,  containing  water;  beneath  the  furface  of  v  w  j 

vhich  the  extremity  of  the  neck  e  is  plunged.  It  is 
ibvious  that  this  apparatus  is  more  particularly  ufeful 
I  vhen  the  produces  are  fuch  as  combine  with  the  fluids 
:n  g,  and  would  otherwife  efcape  ;  and  it  is  hardly  ne- 
i  effary  to  obferve,  that  a  bottle,  or  other  convenient 
reflel,  may  be  fubftituted  inftead  of  the  bafon  G. 

It  often  happens  in  chemical  procefies,  from  the  ir-  Remedy  againflfc 
egularity  of  the  heat,  or  from  other  circumftances,  abfoiPtlon' 
hat  the  condenfation  is  more  rapid,  in  proportion  to 
he  fupply  of  vapour,  at  fome  periods  of  the  fame  ope- 
ation  than  at  others.    Whenever  this  takes  place,  the 
lafticity  of  the  vapours  will  not  be  equal  to  the  exter- 
lal  preflure  of  the  air ;  and  if  any  orifice  of  the  vef- 
bls,  which  are  in  other  refpe£ts  clofed,  be  plunged  in 
/'ater,  or  any  other  fluid,  this  laft  will  be  prefled  into 
He  veflels.    The  remedy  for  this  inconvenience  is,  to 
lunge  the  neck  of  the  veflel  to  no  greater  depth  in 
le  water,  than  that  the  fall  of  the  water,  in  the  re- 
eiving  veflel,  may  leave  the  orifice  open  for  the  ad- 
liffion  of  air,  before  the  water  has  rifen  high  enough 
bove  the  orifice  to  reach  the  contents  of  the  veflels. 
?his  effect  is  increafed  by  making  the  neck  large,  in 
roportion  to  the  diameter  of  the  veflel  which  contains 
he  water.    Thus,  if  the  neck  e  be  made  large,  and 
s  he  water  from  the  bafon  g  Ihould,  by  a  rapid  conden- 
ation  in  c,  be  forced  up  the  neck,  the  furface  of  the 
vater  in  g  will  fall  fo  much  as  to  leave  the  lower  ori- 
ice  of  e  uncovered,  before  any  confiderable  rife  can 
4  take 
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msTiLf.A-  take  place  ;  but  if  f  were  narrower,  its  whole  capacity 
t  j  would  be  filled,  and  the  water  would  run  over  into  c 

Remedy  againit  before  the  fall  in  g  would  be  fufficient  to  uncover  the 
ablorption .  orifice  of  F,  and  reftore  the  equilibrium,  by  admitting 
common  air.  This  obfervation  applies  to  all  chemical 
veflels,  and  is  in  no  cafe  more  eflential  than  when  the 
neck  of  a  fimple  retort  is  plunged  in  water  contained 
in  a  receiver. 

The  above  contrivance,  which  is  Mr.Babington's,can 
not  very  conveniently  be  applied  to  the  apparatus  Fig 
21,  in  which  neverthelefs  the  condenfation  of  elalbi 
matter  in  the  retort  might  occafion  a  difagreeable  re4 
turn  of  the  fluids  from  the  refpective  bottles  in  fuccef 
»rof  Chaptal.     fion.    Chaptal  remedies  this  by  a  very  fimple  expedient 
He  has  the  tube  of  communication  between  a  and  b 
rather  too  fhort  to  reach  the  liquid  in  b  j  and  througH 
the  bottom  or  upper  part  of  this  inverted  receiver  b  h* 
pafTes  a  fmall  tube  open  at  both  ends,  and  plunged  intt 
the  liquid.    This  communication  with  the  external  ai| 
has  no  perceptible  effect,  as  far  as  relates  to  any  efcap* 
of  the  vapours  ;  though  it  effectually  remedies  the  con 
fequences  of  abforption. 
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CONCERNING  THE  BALANCE  AND  WEIGHTS,  WITH 
A  COMPARATIVE  TABLE  OF  THE  VARIOUS 
WEIGHTS  MADE  USE  OF  IN  EUROPE. 


T 


HE  beginning  and  end  of  every  exact  chemical  the 
procefs  confift  in  weighing.  With  imperfect  t  BALANCS*y 
inftruments  this  operation  will  be  tedious  and  inaccu- 
rate :  but,  with  a  good  balance,  the  refults  will  be 
fatisfactory ;  and  much  time,  which  is  fo  precious  in 
experimental  refearches,  will  be  faved,  I  have  not, 
therefore,  thought  it  improper  to  devote  a  whole 
chapter  to  this  general  and  important  fubject ;  by  the 
help  of  which,  if  attentively  confidered,  the  chemical 
ftudent  may  learn  to  diftinguiih  a  good  inftrument,  or 
correct  the  errors  of  a  bad  one. 

The  balance  is  a  lever,  whofe  axis  of  motion  is  Balance  de- 
formed with  an  edge  like  that  of  a  knife  ;  and  the  fcnbed* 
two  dimes  at  its  extremities  are  hung  upon  edges  of 
the  fame  kind.    Thefe  edges  are  fir  ft  made  fharp,  and 
then  rounded  with  a  fine  hone,  or  a  piece  of  buff 
leather.    The  excellence  of  the  inftrument  depends, 
in  a  great  meafure,  on  the  regular  form  of  this  rounded 
part.  When  the  lever  is  confidered  as  a  mere  line,  the 
two  outer  edges  are  called  points  of  fufpenfion,  and  Points  of  fuf- 
the  inner  the  fulcrum.    The  points  of  fufpenfion  are  penfion* 
fuppofed  to  be  at  equal  diftances  from  the  fulcrum,  Fulcrum, 
and  to  be  prefled  with  equal  weights  when  loaded. 

h  If 
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Proportions. 


Money  fcalcs. 


1.  If  the  fulcrum  be  placed  in  the  center  of  gra-» 
vlty  of  the  beam,  and  the  three  e  dges  lie  all  in  tip 
fame  right  line,  the  balance  will  have  no  tendency 
one  pofition  more  than  another  j  but  will  reft  in  an 
pofition  it  may  be  placed  in,  whether  the  fcales  be  o 
or  off,  empty  or  loaded. 

2.  If  the  center  of  gravity  of  the  beam,  when  level- 
be  immediately  above  the  fulcrum,  it  will  overfet  by  th 
fmalleft  action ;  that  is,  the  end  which  is  loweft  will  d 
fcend  :  and  it  will  do  this  with  more  fwiftnefs  the  high 
the  center  of  gravity, and  the  lefs  the  points  of  fufpenfio 
are  loaded. 

3.  But  if  the  center  of  gravity  of  the  beam 
immediately  below  the  fulcrum,  the  beam  will  no 
reft  in  any  pofition  but  when  level  j  and,  if  difturbe 
from  that  pofition,  and  then  left  at  liberty,  it  m 
vibrate,  and  at  laft,  come  to  reft  on  the  level.  Its 
vibrations  will  be  quicker,  and  its  horizontal  tendency 
ftronger,  the  lower  the  center  of  gravity,  and  the  lefs 
the  weight  upon  the  points  of  fufpenfion. 

4.  If  the  fulcrum  be  below  the  line  joining  the  points 
of  fupenfion,  and  thefe  be  loaded,  the  beam  wi 
overfet,  unlefs  prevented  by  the  weight  of  the  beam 
tending  to  produce  an  horizontal  pofition  as  in  §  3. 
In  this  laft  cafe,  fmall  weights  will  equilibrate,  as  *! 
§  3  j  a  certain  exact  weight  will  reft  in  any  pofition 
the  beam,  as  in  §  1  ;  and  all  greater  weights  will  caufe 
the  beam  to  overfet,  as  in  §  2.  Money  fcales  are  often 
made  this  way,  and  will  overfet  with  any  confiderable 
load. 

5.  If  the  fulcrum  be  above  the  line  joining  the 
points  of  fufpenfion,  the  beam  will  come  to  the  hori 
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zontal  pofition,  unlefs  prevented  by  its  own  weight,  as  the 
n  §  2.    If  the  center  of  gravity  of  the  beam  be  nearly  t  BAL/^iCE'j 
n  the  fulcrum,  all  the  vibrations  of  the  loaded  beam  Propofitions. 
will  be  made  in  times  nearly  equal,  unlefs  the  weights 
be  very  fmall,  when  they  will  be  flower.    The  vibra- 
tions of  balances  are  quicker,  and  the  horizontal  ten- 
dency ftronger,  the  higher  the  fulcrum. 

6.  If  the  arms  of  a  balance  be  unequal,  the  weights 
n  equipoife  will  be  unequal  in  the  fame  proportion, 
[t  is  a  fevere  check  upon  a  workman  to  keep  the  arms 
Equal,  while  he  is  making  the  other  adjuftments  in  a 
ttrong  and  inflexible  beam. 

7.  The  equality  of  the  arms  of  a  balance  is  of  ufe, 
in  fcientific  purfuits,  chiefly  in  the  making  of  weights 

by  bifeclion.    A  balance  with  unequal  arms  will  weigh  Weighing  with 
as  accurately  as  another  of  the  fame  workmanfhip  is^^y-j^ 
with  equal  arms,  provided  the  ftandard  weight  itfelf  be  chial- 
firft  counterpoifed,  then  taken  out  of  the  fcale,  and 
the  thing  to  be  weighed  be  put  into  the  fcale,  and 
adjufted  againft  the  counterpoife.    Or,  when  propor- 
tional quantities  only  are  confidered,  as  in  chemical 
and  other  philofophical  experiments,  the  bodies  and 
products  under  examination  may  be  weighed  againft 
the  weights,  taking  care  always  to  put  the  weights  in 
the  fame  fcale.    For  then,  though  the  bodies  may  not 
)be  really  equal  to  the  weights,  yet  their  proportions 
?.mongft  each  other  will  be  the  fame  as  if  they  had 
been  accurately  fo. 

8.  But  though  the  equality  of  the  arms  may  be  well 
difpenfed  with,  yet  it  is  indifpenfably  neceflary  that 
their  relative  lengths,  whatever  they  may  be,  mould 
continue  invariable.    For  this  purpofe,  it  is  neceflary 

either 
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the       either  that  the  three  edges  be  all  truly  parallel*  or  that 
t  BALANC  ^  the  points  of  fufpenfion  and  fupport  fhould  be  always 
in  the  fame  part  of  the  edge.    This  laft  requifite  is  the 
mofl:  eafily  obtained. 
Conftm&ion.       The  balances  made  in  London  are  ufually  conftru&ed 
in  fuch  a  manner*  that  the  bearing  parts  form  notches 
in  the  other  parts  of  the  edges ;  fo  that  the  fcales 
being  fet  to  vibrate,  all  the  parts  naturally  fall  into  the 
fame  bearings    The  balances  made  in  the  country  have 
the  fulcrum  edge  ftraight,  and  confined  to  one  conftant 
bearing  by  two  fide  plates;    But  the  points  of  fufpen- 
fion are  referred  to  notches  in  the  edges,  like  the  Lon* 
don  balances.    The  balances  here  mentioned,  which 
come  from  the  country,  are  inclofed  in  a  fmall  iron" 
japanned  box;  and  are  to  be  met  with  at  the  Bir- 
mingham and  Sheffield  warehoufes,  though  lefs  fre- 
quently than  fome  years  ago;  becaufe  a  pocket  contri- 
vance for  weighing  guineas  and  half  guineas  has  got ' 
pofiefiion  of  the  market.    They  are,  in  general,  well 
made  and  adjufted,  turn  with  the  twentieth  of  a  grain 
when  empty,  and  will  fenfibly  {hew  the  tenth  of  al 
grain,  with  an  ounce  in  each  fcale.    Their  price  is  i 
from  five  millings  to  half-a-guinea ;  but  thofe  which  ' 
are  under  feven  {hillings  have  not  their  edges  hardened,  I 
and  confequently  are  not  durable.    This  may  be  af-l 
certained  by  the  purchafer,  by  palling  the  point  of  a 
pehknifb  acrofs  the  fmall  piece  which  goes  through  one! 
of  the  end  boxes;  if  it  makes  any  mark  or  impreflion*! 
the  part  is  foft. 

TVe  turn.  9-  if  a  beam  be  adjufted  fo  as  to  have  no  tendency'* 

to  any  one  pofition,  as  in  §  i,  and  the  fcales  be  equaltyl 
loaded ;  then,  if  a  fmall  weight  be  added  in  one  of  thel 

fcales.  J 
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cales,  that  balance  will  turn,  and  the  points  of  fuf-  the 
>enfion  will  move  with  an  accelerated  motion,  fimilar  t  BALAN  \ 
o  that  of  falling  bodies ;  but  as  much  flower  in  pro-  Propofitions. 
lortion,  very  nearly,  as  the  added  weight  is  lefs  than 
he  whole  weight  borne  by  the  fulcrum. 

10.  The  ftronger  the  tendency  to  an  horizontal  po- 
rtion in  any  balance,  or  the  quicker  its  vibrations, 
§  3,  5,  the  greater  additional  weight  will  be  required 
o  caufe  it  to  turn  or  incline  to  any  given  angle.  No 
>alance  therefore  can  turn  fo  quick  as  the  motion  de- 
\uced  in  §  9.    Such  a  balance  as  is  there  defcribed,  if 
t  were  to  turn  with  the  ten  thoufandth  part  of  the 
weight,  would  move  at  quicker!:  ten  thoufand  times 
lower  than  a  falling  body  j  that  is,  the  difh  containing 
:he  weight,  inftead  of  falling  through  fixteen  feet  in  a 
Cecond  of  time,  would  fall  through  only  two  hundredth 
parts  of  an  inch,  and  it  would  require  four  feconds  to 
move  through  one  third  part  of  an  inch  :  confequently,  Accurate  wci 
ill  accurate  weighing  muft  be  flow.    If  the  indexes  ing  ls  flow" 
)f  two  balances  be  of  equal  lengths,  that  index  which 
is  connected  with  the  fhorter  balance  will  move  pro- 
portionally quicker  than  the  other.    Long  beams  are  Long  beams, 
the  moft  in  requeft,  becaufe  they  are  thought  to  have 
iefs  fri&ion.    This  is  doubtful :  but  the  quicker  an- 
gular motion,  greater  ftrengthj  and  lefs  weight,  of  a 
mort  balance,  are  certain  advantages* 

11.  Very  delicate  balances  are  not  only  ufeful  in 
nice  experiments,  but  are  likewife  much  more  expe- 
ditious than  others  in  common  weighing.  If  a  pair  of 
fcales,  with  a  certain  load,  be  barely  fenfible  to  the 
one-tenth  of  a  grain,  it  will  require  a  confiderable 
time  to  afcertain  the  weight  to  that  degree  of  accuracy, 

becaufe 
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the      becaufe  the  turn  muft  be  obferved  feveral  times  over^ 

BALANCE.  ,    .  r      11       -r.  T 

i  j  and  is  very  fmall.    But  if  no  greater  accuracy  were 

Propofitions.  required,  and  fcales  were  ufed  which  would  turn  with) 
the  hundredth  of  a  grain,  a  tenth  of  a  grain  more  orj 
lefs  would  make  fo  great  a  difference  in  the  turn,  thatj 
it  would  be  feen  immediately. 

12.  If  a  balance  be  found  to  turn  with  a  certai 
addition,  and  is  not  moved  by  any  fmaller  weight, 
greater  fenfibility  may  be  given  to  that  balance,  b 
producing  a  tremulous  motion  in  its  parts.  Thus,  i 
the  edge  of  a  blunt  faw,  a  file,  or  other  fimila 
inftrument,  be  drawn  along  any  part  of  the  cafe  o 
fupport  of  a  balance,  it  will  produce  a  jarring,  whic" 
will  dimirrifli  the  fri&ion  on  the  moving  parts  fo  much 
that  the  turn  will  be  evident  with  one  third  or  on 
fourth  of  the  addition  that  would  elfe  have  been  re 
quired.  In  this  way  a  beam  which  would  barely  tu 
by  the  addition  of  the  tenth  of  a  grain,  will  turn  wi 
the  thirtieth  or  fortieth  of  a  grain. 

13.  A  balance  whofe  horizontal  tendency  depen 
only  on  its  own  weight,  as  in  §  3,  will  turn  with  tli 
fame  addition,  whatever  may  be  the  load  ;  except 
far  as  a  greater  load  will  produce  a  greater  fri&ion. 

14.  But  a  balance  whofe  horizontal  tendency  d 
pends  only  on  the  elevation  of  the  fulcrum,  as  i 
§  5,  will  be  lefs  fenfible  the  greater  the  load ;  and 
addition  requifite  to  produce  an  equal  turn  will  be 
proportion  to  the  load  itfelf. 

15.  In  order  to  regulate  the  horizontal  tendency 
fome  beams,  the  fulcrum  is  placed  below  the  points 
fufpenfion,  as  in  §  4,  and  a  Aiding  weight  is  put  up 
the  cock  or  index  ;  by  means  of  which  the  centre 
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avity  may  be  raifed  or  deprefied*    This  Is  an  ufeful  the 

BALANCE. 

ntnvance.  t  j 

16.  Weights  are  made  by  a  fubdivifion  of  a  {land-  Sets  of  weights, 
i  weight.    If  the  weight  be  continually  halved,  it 
11  produce  the  common  pile,  which  is  the  fmalleft  pof-  Common  pile, 
le  number  for  weighing  between  its  extremes,  without 
icing  any  weight  in  the  fcale  with  the  body  under 
animation.    Granulated  lead  is  a  very  convenient 
)ftance  to  be  ufed  in  this  operation  of  halving,  Bifedtion. 
lich  however  is  very  tedious.    The  readieft  way  to 
bdivide  fmall  weights,  confifts  in  weighing  a  certain 
antity  of  fmall  wire,  and  afterwards  cutting  it  into 
;h  parts,  by  meafure,  as  are  deGred.    Or  the  wire 
ly  be  wrapped  clofe  round  two  pins,  and  then  cut 
mder  with  a  knife.    By  this  means  it  will  be  di-  Wire  rings, 
led  into  a  great  number  of  equal  lengths,  or  fmall 
igs.  The  wire  ought  to  be  fo  thin,  as  that  one  of  thefe 
gs  may  barely  produce  a  fenfible  effect  on  the 
im.    If  any  quantity  (as,  for  example,  a  grain)  of 
cfe  rings  be  weighed,  and  the  number  then  rec- 
;ied,  the  grain  may  be  fubdivided  in  any  propor- 
n,  by  dividing  that  number,  and  making  the  weights 
Mai  to  as  many  of  the  rings  as  the  quotient  of  the 
ifion  denotes.    Then,  if  750  of  the  rings  amounted 
a  grain,  and  it  were  required  to  divide  the  grain 
:imally,  downwards,  -t^  would  be  equal  to  675 
lg8>  -ru  would  be  equal  to  600  rings,  TV  to  525 
igs,  &c.    Small  weights  may  be  made  of  thin  leaf 
ifs.  Jewellers  foil  is  a  good  material  for  weights  below 
:  r$  of  a  grain,  as  low  as  to  the  T%fe  of  a  grain ; 
1  all  lower  quantities  may  be  either  eftimated  by 
•i  pofition  of  the  index,  or  {hewn  by  aclually  count- 
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the       ing  the  rings  of  wire,  whofe  value  has  been  deter- 
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Number  of 
weight;  rcq 
to  form  a  fct 


17.  In  philofophical  experiments,  it  will  be  fou 
d  very  convenient  to  admit  no  more  than  one  dimenfio 
of  weight.    The  grain  is  of  that  magnitude  as  to  dc 
ferve  the  preference.    With  regard  to  the  number  0 
weights  the  chemift  ought  to  be  provided  with,  writer 
have  differed  according  to  their  habits  and  views, 
thematicians  have  computed  the  leaft  poffible  num 
with  which  all  weights,  within  certain  limits,  nr 
be  afcertained;  but  their  determination  is  of  li 
ufe,  becaufe,  with  fo  fmall  a  number,  it  muft  oft 
happen,  that  the  fcales  will  be  heavily  loaded  wi 
weights,  on  each  fide,  put  in  with  a  view  only  to  d 
termine  the  difference  between  them.    It  is  not  1 
leaft  poffible  number  of  weights  which  it  is  neceffary 
operator  mould  buy  to  effed  his  purpofe,  that  we  oug 
to  enquire  after,  but  the  moil  convenient  number 
obtaining  the  refults  with  accuracy  and  expediti 
The  error  of  adjuftment  is  the  leaft  poffible,  win 
only  one  weight  is  in  the  fcale ;  that  is,  a  fing 
weight  of  five  grains  is  twice  as  likely  to  be  true, 
two  weights,  one  of  three,  and  the  other  of  t 
grains,  put  into  the  dim  to  fupply  the  place  of 
fingle  five,  becaufe.  each  of  thefe  laft  has  its  own  p 
bability  of  error  in  adjuftment.    But,  fince  it  is  as 
confiftent  with  convenience  to  provide  a  fingle  wei 
as  it  would  be  to  have  a  fingle  charader  for  ev 
number    and  as  we  have  nine  characters,  which 
ufe  in  rotation,  to  exprefs  higher  values  according 
their  pofition;  it  will  be  found  very  ferviceable  to  m 
the  fet  Qf  weights  correfpond  with  our  numer 
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(tern.    This  directs  us  to  the  fet  of  weights,  as  fol-  the 
ws:  1000  grains,  900  g.  800  g.  700  g.  600  g.  500  g.  t  BAL^NCE^ 

-)0  g.  3OO  g.  200  g.  IOO  g.  90  g.  80  g.   70  g.  60  g.  Decimal  fct  of 

>  g-  40  g-  3°  g-  20  g-  10  g-  9  g-  8  g-  7  g-  6  g-  5  g-  WClght$' 

g-  3  g'  2  g"  1  g"  To  g-  To  g-  l7o  g-  To  g«  TV  g-  t4  g. 
j  g*  "To"  g*  "To  g*  TT5  g*  rl?  g*  tIo  g*  To^  g*   t4-o  g* 

hr  g-  t4o  g-  t^o  g-  tIo  g-  With  thefe  the  philofo- 
oer  will  always  have  the  fame  number  of  weights  in 

s  fcales  as  there  are  figures  in  the  number  exprefiing 
•  e  weights  in  grains. 

Thus  742.5  grains  will  be  weighed  by  the  weights 
:)0,  40,  2,  and 

I  fhall  conclude  this  chapter  with  an  account  of  Account  of  feme 
me  balances  I  have  feen  or  heard  of,  and  annex  a  talanccs- 
ble  of  the  correfpondence  of  weights  of  different 
untries. 

Mufchenbroek,  in  his  Cours  de  Phyfique  (French  The  balance  of 
inflation,  Paris,  1769),  torn.  ii.  p.  247,  fays,  he  Mufchenbroek: 
;d  an  ocular  balance,  of  great  accuracy,  which  turned 
:buchoit)  with  ^  of  a  grain.  The  fubftances  he 
ighed  were  between  200  and  300  grains.  His  ba- 
:tce,  therefore,  weighed  to  the  4mv  part  of  the 
ole  j  and  would  afcertain  fuch  weights  truly  to  four 
ces  of  figures. 

in  the  Philofophical  Tranfadions,  vol.  Ixvi.  p.  509,  -  0f  Bolton, 
ntion  is  made  of  two  accurate  balances  of  Mr. 
lton ;  and  it  is  faid  that  one  would  weigh  a  pound, 
I  turn  with  TV  of  a  grain.    This,  if  the  pound  be 
urdupois,  is  of  the  weight;  and  mews  that 

*  Glance  could  be  well  depended  on  to  four  places 
figures,  and  probably  to  five.    The  other  weighed 
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Balance  of  Mr. 
Read : 


if  Mr.  White- 
hurft: 


—of  the  Author: 


—of  Mr.  Al- 
chorne : 


—of  Dr.  Geo, 
7»ril)  tc. 


half  an  ounce,  and  turned  with  the  T^  of  a  grain. 
This  is  the  of  the  weight. 

In  the  fame  fame  volume,  p.  51 1,  a  balance  of  Mr. 
Read's  is  mentioned,  which  readily  turned  with  left 
than  one  pennyweight,  when  loaded  with  55  pounds, 
before  the  Royal  Society ;  but  very  diftin&ly  turned 
with  four  grains  when  tried  more  patiently.  This  is 
about  the  ?7,^5  part  of  the  weight ;  and  therefore 
balance  may  be  depended  on  to  five  places  of  figures. 

Alfo,  p.  576,  a  balance  of  Mr.  Whitehurfl's  weighs 
one  pennyweight,  and  is  fenfibly  affe&ed  with  the 

^Vcr  of  a  grain-    Tilis  is  two  o  Pan  of  w 

I  have  a  pair  of  fcales  of  the  common  conftru 
tion,  §  8,  made  exprefsly  for  me  by  a  flcilful  work 
in  London.  With  1200  grains  in  each  fcale,  it  tu 
with  of  a  grain.  This  is  the  -^ioo  of  the  whole: 
and  therefore  about  this  weight  may  be  known  to  fivi 
places  of  figures.  The  proportional  delicacy  is  lefs 
greater  weights.  The  beam  will  bear  near  a  po 
troy,  and  when  the  fcales  are  empty  it  is  affected 
the  t-oVo  °f  a  grain.  On  the  whole,  it  may  be  ufefi 
applied  to  determine  all  weights  between  roo  g 
and  4000  grains  to  four  places  of  figures. 

A  balance  belonging  to  Mr.  Alchorne,  of  the 
in  London,  is  mentioned,  vol.  lxxvii.  p.  205  of  th' 
Philofophical  Tranfaetions.    It  is  true  to  3  grains  wi 
15  lb.  an  end.    If  thefe  were  avoirdupois  pounds, 
weight  is  known  to  TT£- ^  part,  or,  to  four  places 
figures,  or  barely  five. 

A  balance  (made  by  Ramfden,  and  turning  on  poin 
inilead  of  edges)  in  the  pofieflion  of  Dr.  George  Fo< 
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yce,  is  mentioned  in  the  75th  volume  of  the  Philo 
,£hical  Tranfadions.  With  a  load  of  four  or  five  t  BA1-*HV-B-j 
unces,  a  difference  of  one  divifion  in  the  index  was 
mde  by  the  T^  of  a  grain.  This  is  TTTWs  Part  of 
le  weight ;  and,  confequently,  this  beam  will  afcertain 
ich  weights  to  five  places  of  figures,  befides  an  efti- 
aate  figure. 

I  have  feen  a  ftrong  balance  in  the  pofleflion  of  The  balance  of 

0  ...    Mr.  Magellan  : 

iy  friend  Mr.  Magellan,  of  the  kind  mentioned  in 
15,  which  would  bear  feveral  pounds,  and  {hewed 
ls  grain,  with  one  pound  an  end.     This  is  the 
0000  °f tne  weight,  and  anfwers  to  five  figures.  But 
think  it  would  have  done  more  by  a  more  patient 
'ial  than  I  had  time  to  make.  * 
The  Royal  Society's  balance,  which  was  lately— of  the  Royal 
lade  by  Ramfden,  turns  on  fteel  edges  upon  planes  of  Soclcty* 
olifhed  cryftal.    I  was  allured  that  it  afcertained  a 
■eight  to  the  feven  millionth  part.    I  was  not  pre- 
:  snt  at  this  trial,  which  mull  have  required  great  care 
md  patience,  as  the  point  of  fufpenfion  could  not  have 
noved  over  much  more  than         of  an  inch  in  the 
rft  half  minute  :  but,  from  fome  trials  which  I  faw,  I 
link  it  probable  that  it  may  be  ufed  in  general  practice 
5  determine  weights  to  five  places  and  better. 

From  this  account  of  balances  the  young  ftudent  Inferences, 
lay  form  a  proper  eftimate  of  the  value  of  thofe 
lbles  of  fpecific  gravitie?,  which  are  carried  to  five, 
ix,  and  even  feven  places  of  figures,  and  likewife  of 
he  theoretical  deductions  in  chemiftry  that  depend  011 
fuppofed  accuracy  in  weighing,  which  practice  does 
tot  authorife.  In  general,  where  weights  are  given 
0  five  places  of  figures,  the  laft  figure  is  an  eftimate 
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or  guefs  figure ;  and  where  they  are  carried  farther,  it 
may  be  taken  for  granted  that  the  author  deceives 
either  intentionally,  or  from  want  of  {kill  in  reducing 
his  weights  to  fractional  expreflions,  or  otherwife. 
Comparifon  of      Among  the  numerous  public  exertions  which  our  I 

weights  * 

learned  neighbours,  the  French,  have  made  in  favour  j 
of  the  fciences,  the  determination  of  the  relative  pre*.  I 
portions  of  the  weights  ufed  in  various  parts  of  Europe, 
is  by  no  means  one  of  the  leaft.  The  mod  exact  (land*.  I 
ard  weights  were  procured  by  means  of  the  ambafla- 
dors  of  France,  refident  in  the  various  places;  and 
—by  Monf.  Til-  thefe  were  compared  by  Monf.  Tillet  with  the  ftand-  I 

let  •  _ 

ard  mark  in  the  pile  called  the  poids  de  Charlemagne,  }; 
preferved  in  the  Cour  de  Monnoies  at  Paris.    His  ex-  |j 
periments  were  made  with  an  exact:  balance  made  to  I 
weigh  one  mark,  and  fenfible  to  one  quarter  of  a  grain,  : 
Now,  as  the  mark  contains  18,432  quarter  grains,  it  1 
follows  that  his  balance  was  a  good  one,  and  would  I 
exhibit  proportions  to  four  places,  and  a  guefs  figure. 
The  refults  are  contained  in  Table  II.  (Appendix),  ex- 
tracted from  Monf.  Tillet's  excellent  Paper  in  the  Me- 
moirs of  the  Royal  Academy  of  Sciences  for  the  year  J  J 
1767.  I  have  added  the  two  laft  columns,  which  mew  ; 
the  number  of  French  and  Englifh  grains  contained 
in  the  compound  quantities  againft  which  they  ftand. 
The  Englifh  grains  are  computed  to  one-tenth  of  a  i 
grain,  though  the  accuracy  of  weighing  came  no  nearer  -I 
than  about  two  tenths. 
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CHAP.  VII. 

N  THE   ATTRACTIONS  EXERTED  BETWEEN  BODIES , 
PARTICULARLY  THOSE  WHICH  THE 
CHEMISTS  CALL  ELECTIVE 
ATTRACTIONS. 

rpHUS  far  we  have  attended  chiefly  to  the  changes  affbctions 

'  A    produced  in  bodies  by  an  alteration  in  their  tern-  °F  B0PIES^ 

>erature,  and  to  the  methods  of  conducing  chemical 

)perations.  We  now  proceed  to  confider  thofe  actions 

vhich  take  place  between  the  parts  of  bodies  of  difFe- 

•ent  kinds-    Thefe  form  a  branch  of  knowledge  of  the  Great  import- 

0  ance  of  the 

rreateft  importance,  but  of  fuch  an  extended  nature  knowledge  of  the 

.  r-L  •  -i  •  aftions  between 

■  is  to  require  the  utmolt  caution  to  avoid  error  in  en-the  parts  of 
jleavouring  to  acquire  it.  The  whole  fcientinc  partbodlcs* 
)f  chemiftry  depends  on  a  right  interpretation  of  fa&s 
I  )f  this  kind.  In  the  inveftigation  of  thofe  general  truths 
.vhich  may  be  confidered  as  laws  of  nature,  we  cannot 
-.herefore  be  too  careful  in  diftinguifhing  well-eftablifhed 
uacls  from  the  ingenious  though  inadequate  conclufions 
.  which  theoretical  writers  are  too  ready  to  form. 

That  property  of  matter  or  body  by  which  we  think  Inertia  of  mat- 
we  can  bed  determine  its  quantity,  is  its  inertia,  or  the  ter# 
refiftance  it  makes  to  the  communication  of  motion. 
We  cannot  perhaps  form  any  idea  why  there  mould  be 
more  difficulty  in  moving  one  body  than  another,  except 
that  it  really  confifts  of  a  larger  portion  of  matter. 
The  perceptible  extenfion  of  the  fame  body  will  vary,  Pxtenfon. 
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attr  ac-    if  the  dimenfions  of  its  pores  be  either  increafed  or  dimi- 
nifhed ;  and  there  is  no  inconfiftency  in  fuppofing  it  at 


Gravity  may     leafl  poflible  that  its  weight,  or  the  force  by  which  it 

perhaps  be  mo-  .  ,  . 

dificd :  !S  urged  towards  the  earth,  may  not  in  all  cafes  conti- 

nue unaltered,  but  be  capable  of  modification  like  the 
attractions  of  magnetifm  and  electricity.  Neither  the 
extenfion  nor  the  weight  of  bodies  appears  therefore  to 
be  original  meafures  of  their  quantities  of  matter ;  how 
far  they  may  be  ufed  as  fuch,  muft  depend  on  their 
coincidence  with  the  inertia. 

— but  is  not         After  a  proper  allowance  has  been  made  for  the  effects 

experiments?  "*  °^  eartn>S  rotation  on  its  axis,  it  is  found  that  the 
power  of  gravitation,  in  giving  motion  to  the  balls  of 
pendulums,  is  accurately  in  proportion  to  their  mafTes, 
as  meafured  by  their  refiflance  or  inertia.  The  weights 
of  bodies  therefore  are  meafures  of  their  quantities 
of  matter  j  and  though  the  forces  with  which  various 
bodies  of  equal  magnitude  are  urged  towards  the 
earth,  are  different,  we  do  not  fuppofe  the  attraction 
or  affinity  between  thofe  bodies  and  the  earth  to  be 
ftronger  or  weaker  in  the  feveral  inftances,  but  only 

Ufual  inference,  that  the  mafTes  are  greater  or  lefs.  Thus,  though  a 
cubic  inch  of  gold  weighs  more  than  twice  as  much  as 
a  cubic  inch  of  copper,  we  do  not  fuppofe  a  ftronger 
attraction  between  gold  and  the  earth ;  but  conclude 
that  one  general  force  acts  on  both,  whofe  effects  are 
greater  on  the  former  body  than  the  latter,  becaufe  the 
mafs  of  the  former  is  really  greater  than  that  of  the; 
latter. 

r.ffeasofatuac-    The  effects  of  attraction  between  one  body  and  ano-t 
ther  are  fo  numerous,  that  we  cannot  avoid  perceiving} 
— tohef?v£      them  every  moment.    Two  fmooth  polifhed  pieces  of} 
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metal  adhere  when  prefled  together.  Water  and  other  attrac- 
luids  take  the  form  of  globules,  and  will  Stick  to 
arious  bodies,  and  pafs  into  the  pores  of  fponge,  bread, 
,r  the  cavities  of  fmall  tubes.  Solid  bodies  retain  their 
orm  by  the  adhefion  of  their  parts ;  and  without  this 
?ower  it  is  impoffible  to  conceive  how  the  univerfe 
:ould,  for  a  moment,  fubfift  in  its  prefent  form.' 
It  may  be  questioned  whether  this  cohefive  attraction  Cohefive  attrae- 

i     r  %  m     i     •  i     1  •       tion  differs  from 

>e  the  fame  power  as  gravity,  lo  decide  the  enquiry,  gravitY% 
t  will  be  neceflary  to  compare  their  manner  of  action. 
The  force  of  gravity  acts  in  the  inverfe  proportion  of 
:he  fquare  of  the  distance  between  the  bodies  :  but  the 
effects  of  cohefion  are  found  to  increafe  at  a  much  fafter 
rate,  as  the  bodies  approach  •,  fo  that  its  power  is  in- 
:omparably  greateSt  at  fmall  diftances.  This  feems  to 
ie  a  Sufficient  reafon  for  considering  gravitation  and 
:ohefion  as  two  diStinct  powers. 

Tlie  elective  attraction  of  the  chemifls — fuch,  for  ex-  Eleaive  attrac- 
'.mple,  as  when  copper,  being  diflblved  in  an  acid,  is  tlon' 
eparated,  and  falls  to  the  bottom  in  a  powdery  form? 
>n  the  addition  of  iron — may,  in  all  its  numerous  vari- 
•ties,  be  either  one  general  power,  acting  like  gravity, 
iccording  to  the  mafles  or  denfities  of  the  particles  j  or  it 
nay,  like  magnetifrn,  be  dependent  more  on  the  peculiar 
qualities  of  thofe  particles  than  on  their  mafles.  If  the 
ormer  were  the  cafe,  we  might  Simplify  our  deduc- 
tions by  admitting  that  cohefion  and  elective  attraction 
ire  the  fame  thing.  It  will  be  eafy  to  examine  whether  Queftioji. 
•his  pofition  will,  in  any  one  inftance,  lead  us  into  an 
;rror  ;  and,  if  it  does,  it  muft  be  abandoned.  Spirit  of 
(vine  diflblves  refin-,  water  does  not:  hence  it  will 
ollow,  if  the  attraaion  depend  on  the  denfity  of  par- 
ticles,. 
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°.HEM,I^L  ticlcs' that  thc  PartlcIes  of  spirit  of  wine  are  denfer  thaa 
thofe  of  water.  But,  again,  water  diflblves  gums; 
fpirit  does  not :  whence,  by  the  fame  reafoning,  we 
tion  does  notde-  ftould  deduce,  that  the  particles  of  water  are  denfeft. 
pend  on  denfiry.  J3ut  fa  true  inference  jS)  tnat  if  thefe  different  effects 

depend  on  any  general  law,  it  does  not  follow  the  denfity 
of  the  particles  \  and  till  that  general  law  is  difcovered, 
we  ought  to  confider  the  various  attractions  which  occur 
in  chemiftry,  as  peculiar  to  the  bodies  in  which  they 
are  obferved. 

Bergman,  Morveau,  and  other  eminent  chemifts, 
are  inclined  to  the  opinion  that  there  is  but  one 
general  power  of  attraction  in  nature,  which  is  modi- 
fied chiefly  by  the  figure  of  particles  when  extremely 
near  each  other.  But  this  has  not  been  ftrictlv  exa- 
mined. 

The  adhefion  of  parts  of  the  fame  kind,  is  called 
aggregation.    Thus,  a  number  of  pieces  of  brimftone 
united  by  fufion,  form  an  aggregate.    The  union  ofl 
bodies  of  different  kinds,  in  a  grofs  way,  is  called  mix-fj 
ture.    Thus  fand  and  fait  of  tartar  may  be  mixed 
together.    But  when  the  very  minute  parts  of  one^ 
body  unite  with  thofe  of  another  fo  intimately  as  toil 
form  a  body  which  has  properties  different  from  thofer 
Combination,  or  of  either  of  them,  the  union  is  called  combination,  or1 
eompofuton.      COmpofition.    For  example,  fand  and  fait  of  tartar,  ex4 
pofed  to  a  ftrong  heat,  combine,  and  form  a  compound) 
called  glafs.    The  minutefl  parts  into  which  an  aggre-j: 
gate  can  be  imagined  to  be  divided  without  decom-jj 
pofition,  are  called  integrant  parts ;  but  the  parts  intol 
which  it  is  divided  by  decompofition,  are  called  com-* 
ponent  parts  or  principles, 

Principle* 


Aggregation. 


Mixture. 


Integrant  and 

component 
farts. 
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Principles  which  cannot  be  fubdivided  by  art,  are  chemical 
:alled  elements,  or  firft  principles ;  and  the  principles  &™*^~ 

nade  up  of  thefe,  are  called  fecondary  principles.  Some  v  v  s 

vriters  carry  this  order  ftill  farther  5  but  it  muft  be  con-  gjjgj^.  . 
eflecl  that  no  means  have  yet  been  devifed  to  (hew  une- 
quivocally whether  any  fuch  fubordination  of  principles 
xifts.   We  may  indeed  difcover  the  component  parts  of 
todies ;  but  we  know  nothing  of  their  arrangement. 

As  the  chemical  attractions,  like  other  powers  of  the 
ame  kind,  are  weaker,  the  greater  the  diftance  be- 
ween  the  parts  which  act  on  each,  other ;  and  as  heat 
nlarges  the  dimenfions  of  the  bodies ;  doubtlefs,  by  Heat, 
eparating  their  parts,  it  will  not  be  difficult  to  explain  See  pag.  2,  3. 
he  effect  of  heat  upon  the  changes  produced  in  bodies 
>y  their  elective  attractions. 

If  two  folid  bodies,  difpofed  to  combine  together,  be  simple  combi- 
•rought  into  contact  with  each  other,  the  particles  that  ndtlon' 
auch  will  combine,  and  form  a  compound  ;  and  the 
rocefs  will  go  no  further,  if  the  compound  ftill  retain 
he  folid  form.  But  if  the  compound  be  of  fuch  a  nature 
s  to  have  its  point  of  congelation  or  folidity  much  lower 
'ian  the  temperature  in  which  the  experiment  is  made, . 
r  if  it  attract  water  from  the  atmofphere,  it  will  be 
uid  5  and  the  eflential  property  of  a  fluid  being,  that 
11  its  particles  may  freely  move  amongfl  each  other, 
e  parts  of  each  body  will  be  at  liberty  to  move  in 
ucceflion,  fo  as  bed  to  obey  the  elective  attraction. 
The  confequence  will  be,  that  a  new  compound,  in  a 
luid  form,  will  be  produced  by  the  union  of  the  two 
>odies.    An  inftance  of  this  has  already  been  {hewn  Page  ig. 
n  the  mixture  of  ice  and  fait. 
If  one  of  jhe  two  bodies  be  fluid  at  the  temperature  Sufpcnfion, 

of 
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chemical  of  the  experiment,  its  parts  will  fucceflively  unite  with  I 

the  parts  of  the  folid,  which  will    y  that  means  be  I 

fufpended  in  the  fluid,  and  difappear.    Such  a  fluid  is  : 

Solvent,  or      called  a  folvent,  or  menftruum,  and  the  folid  body  is 

faid  to  be  diflblved.  Thus  water  diflblves  fait,  mercury  ' 

diffolves  gold,  glafs  of  lead  diflblves  fand,  &c. 

Water.  In  the  humid  way,  where  the  fluid  ftate  is  pro- 1 

duced  by  means  of  water,  and  in  many  cafes  of  which  t 

the  diflblved  bodies  may  be  recovered  by  evaporating  t\ 

^  ■  -  m  .  the  water,  it  is  ufual  to  attend  only  to  the  actions  of* 
C.iufe  of  error  in  y  I 

•ftimating  the  the  fufpended  bodies,  and  neglect  the  fluid,  becaufeji 
common  to  all  experiments  of  this  kind.  But  as  thef 
water  certainly  has  as  great  a  fhare  in  modifying  the* 
effect  which  follows,  as  any  other  of  the  bodies  pre-i 
fent,  the  elective  attractions  between  bodies  held  iu» 
folution  in  water,  will  not  in  general  be  the  fame  as) 
when  the  menftruum  is  fpirit,  oil,  or  aether ;  or  when^ 
in  the  dry  way,  one  of  the  bodies  is  rendered  fluid  byf 
flrong  heat. 

Limits  of  fatu-  Some  fubftances  unite  in  all  proportions.  Such,  fo 
example,  are  acids  in  general,  and  fome  other  falts 
with  water ;  and  many  of  the  metals  with  each  other 
But  there  are  likewife  many  fubftances  which  canno 
be  diflblved  in  a  fluid,  at  a  fettled  temperature,  in  an) 

—  in fluids:  quantity  beyond  a  certain  proportion.  Thus  vate 
will  diflblve  only  about  one  fourth  of  its  weight  o 
common  fait  •,  and  if  more  be  added,  it  will  remaii 
folid.  A  fluid  which  holds  in  folution  as  much  o| 
any  fubftance  as  it  can  diflblve,  is  faid  to  be  fatuvate 
with  it.  But  faturation  with  one  fubftance  does  no 
deprive  the  fluid  of  its  power  of  acting  on  and  difl 
folving  fome  other  bodies,  but  in  many  cafes  increafe 
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Jut  power.    For  example,  water,  faturated  with  fait,  CHE^"^ 
vill  diflblve  fugar  ;  and  water,  faturated  with  fixed  air,      TI0N  s^ 

.vill  diflblve  iron,  though,  without  that  addition,  its  *  „  > 

action  on  that  metal  is  fcarcely  perceptible.  The  word 
aturation  is  likewife  ufed  in  another  fenfe  by  chemifts  :  —in  geaerai, 
:he  union  of  two  principles  produces  a  body  whofe 
:roperties  are  different  from  thofe  of  its  component 
parts,  but  which  refemble  thofe  of  the  predominat- 
ng  principle.  When  the  principles  are  in  fuch  pro- 
portion as  that  neither  may  predominate,  they  are 
laid  to  be  faturated  with  each  other;  but  if  otherwife, 
[  the  mod  predominant  principle  is  faid  to  be  under- 
faturated,  and  the  other  over-faturated. 

Fluids  in  general  diflblve  a  greater  quantity  of  any  Solution  affiftei 
iubftance  the  higher  the  temperature.    This  probably  by 
arifes  from  the  fluidity  of  the  body  in  folution  being 
>  promoted  by  the  heat. 

When  two  bodies,  which  would  not  otherwife  com-  Medium  of  com- 
bine, are  made  to  unite  by  the  addition  of  a  third,  the  inatl0n* 
latter  is  called  a  medium.  Thus  the  iron  and  water,  in 
the  inftance  lately  mentioned,  are  faid  to  have  combined 
\"  by  the  medium  of  fixed  air. 

It  often  happens,  on  the  contrary,  that  the  tendency  Separation,  or 
;  to  combination  between  a  folvent  and  another  body,  PreciPUaao11- 
|  is  weakened  or  deflrcyed  by  the  addition  of  a  third. 
Thus  fpirit  of  wine  weakens  the  a£lion  of  water  upon 
moft  falts,  and  of  courfe  feparates  them  from  it.  If 
to  a  faturated  folution  of  nitre  in  water  there  be  added 
an  equal  meafure  of  ftrong  ardent  fpirit,  the  nitre 
I  becomes  folid,  and  falls  down  in  an  inftant  to  the  Dot- 
1  torn  of  the  phial.    The  fubftance  thrown  down  from. 
I  a  fohrent  by  the  addition  of  any  other  matter,  is  faid  to 

be 
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chemical  be  precipitated,  and  many  fuch  produces  are  called 

ATTRAC-  •  • 

~,™c  precipitates. 

TIONS.        r  r 

— v  1      When  a  compound  of  two  principles  is  fo  affected 

attTaaion.^1^  ^y  t^le  addition  of  a  third,  that  a  new  compound  is 
formed  of  this  laft  principle  and  one  of  the  other 
two  ;  at  the  fame  time  that  the  principle  which  was  part 
of  the  original  compound,  but  does  not  enter  into  the 
fecond  combination,  is  difengaged  ;  the  decomposition 
and  new  combination  are  faid  to  be  produced  by  fimple 
elective  attraction  or  affinity. 
Examples  of  Moft  operations  of  nature  or  art  arc  fo  complex, 
Sionf that  k  is  exceedingly  difficult  to  exemplify  thefe  effects. 

The  following  inftance  will  exhibit  an  effect  of  fimple 
elective  attraction,  if  we  overlook  the  effect  of  the 

—  in  th:  humid  water,  which  is  prefent  in  both  falts.    Common  fait 

confifts  of  two  principles.  The  one  is  the  mineral 
alkali  commonly  known  by  the  name  of  fait  of  foda  ; 
and  the  other  is  the  marine  acid,  which,  when  com- 
bined with  water,  is  known  by  the  name  of  fpirit  of 
fait.  If  the  vitriolic  acid  be  poured  upon  common  fait, 
it  will  attract  the  alkali  more  ftrongly  than  it  is  at- 
tracted by  the  marine  acid.  The  confequence  will  be, 
that  it  will  unite  with  the  alkali,  and  form  a  new 
compound,  called  Glauber's  fait,  while  the  marine  acid 
flies  off  in  the  form  of  air.  This  air,  meeting  with 
moiflure  in  the  atmofphere,  combines  with  it,  and 
forms  the  common  marine  acid  vifible  in  the  form  of 
white  fumes. 

—  in  the  dry  In  the  dry  way,  if  a  combination  of  lead  and  fulphur 
way"  be  fufed  with  iron,  the  fulphur  unites  with  this  laft, 

and  leaves  the  lead  free. 

If  we  were  to  fpcculate  on  thefe  events,  it  would 

be 
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be  eafy  to  fhew  from  what  fuppofed  action  among  the  chemical 
particles  they  may  happen.    If  a  particle  of  alkali  be  TI0NS 
furrounded  by  particles  of  marine  acid,  and  the  vi-  v ,  ...  v  ,  .J 
Lriolic  acid  be  added,  the  particles  of  thefe  laft  may  be 
.fo  ftrongly  attracted  by  the  alkali  as  to  approach  it, 
and  remove  the  particles  of  marine  acid  beyond  the 
limit  of  fenfible  attraction.    This  effect  may  be  faci- 
litated by  the  action  of  heat,  which  increafes  the  dif- 
tances  between  parts  of  bodies  ;  and  the  difengaged 
fubftance  may  affume  either  the  folid,  fluid,  vaporous, 
or  aerial  (late,  according  to  the  temperature  and  the 
peculiar  properties  of  the  body  itfelf  in  that  refpect. 

Where  two  bodies,  each  confiding  of  two  princi-  Double  elcftivc 
pies,  are  fo  difpofed  as  to  a£t.  on  each  other,  and  the  attia<ftl0n- 
order  of  the  principles  changes  in  fuch  a  manner  as  to 
form  two  other  bodies  compofed  of  different  principles, 
the  change  is  faid  to  be  produced  by  double  affinity,  or 
double  ele£Hv6  attraction. 

In  the  humid  way:  Let  mercury  be  diffolved  in  the  Example:  in  the 
nitrous  acid  (or  fpirit  of  nitre  of  the  {hops)  until  the  humid  way ' 
acid  will  take  up  no  more.  The  folution  will  then 
confift  of  a  mercurial  fait  diffolved  in  water.  Let 
tartar,  which  is  a  fait  confiding  of  a  peculiar  acid 
united  with  the  vegetable  alkali,  be  added.  The  con- 
fequence  will  be,  that  the  alkali  of  the  tartar  will  quit 
its  own  acid,  and,  uniting  with  the  nitrous  acid,  will 
form  nitre,  which  will  continue  diffolved  ;  and,  on  the 
other  hand,  the  acid  of  the  tartar,  being  difengaged, 
will  unite  itfelf  to  the  mercury,  and  form  a  fait,  which, 
on  account  of  its  infolubility,  will  fall  down  in  the 
form  of  a  powder. 

In  the  dry  way :  If  an  alloy  of  gold  and  copper  be  _  dry  way. 

fufed 
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Numerical  ex- 
preffion  of  affi- 
nity. 


Mechanical  pro- 
perties of  bodies 
do  not  follow  the 
properties  of 
their  component 
parts. 


Utility  of  thefe 
changes. 


fufed  with  the  antimony  of  the  (hops,  which  confifU 
of  fulphur  and  a  metallic  body  called  regulus  of  an- 
timony, the  fulphur  will  unite  with  the  copper,  and 
float  above,  while  the  gold  and  the  regulus  combine 
together,  and  occupy  the  lower  part  of  the  crucible. 

One  of  the  principal  objects  of  chemical  refearch 
confifts  in  the  numerical  expreffion  of  the  attractive 
powers  of  bodies.  If  this  were  well  afcertained,  it  is 
probable  we  mould  be  able  to  foretel,  not  only  the 
effects  of  fimple  or  double  affinity,  but  likewife  in 
what  cafes  the  compounds  of  three  or  more  fubftances, 
take  place.    See  Appendix. 

No  regular  connection  has  been  yet  discovered  be- 
tween the  folubility  in  water,  the  fufibility,  volatility* 
fpecific  gravity,  and  other  obvious  properties  of  the^ 
component  parts  of  bodies,  and  of  the  compounds 
they  produce.  Hence  it  happens,  in  humid  operatior 
that  the  infoluble  produ&s  will  either  fall  to  the  botn 
torn,  or  rife  to  the  furface,  according  to  their  weights* 
In  fome  proceffes,  all  the  products  will  be  thus  fepa-ifl 
rated  •,  and  in  others  the  whole  will  remain  diffolved^ 
In  the  dry  way  likewife  fome  products  will  rife,  othera 
will  become  fluid,  and  others  fixed,  fo  as  to  require 
ftronger  heat  to  fufe  them  than  before. 

Thefe  feveral  changes  afford  means  to  the  chemift  oj 
feparating  bodies  from  each  other.    When  two  diffei 
rent  kinds  of  fait  are  diffolved  in  water,  it  would 
almoft  impofRble  to  feparate  them  if  they  were  be 
equally  foluble ;  becaufe  evaporation  would  leave  bot 
in  a  confufed  mafs.    But  where  the  one  is  more  foil 
bje  than  the  other,  the  latter  will  begin  to  be  feparatec 
and  may  be  taken  out  at  a  period  of  the  evaporation,  a| 

whic 
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hich  the  whole  of  the  former  will  remain  fufpended.  chemical 
>  likewife  the  advantages  derived  from  the  procefTes    ATTRAC"  ■ 

e  r  TIONS. 

dittillation,  fublimation,  and  other  dry  operations,  <■  , .  j 

B  founded  on  thefe  difFerent  properties  of  bodies. 
:  The  parts  of  all  bodies  which  take  the  folid  Hate  Cryftallirationy 
2  difpofed  to  arrange  tliemfely.es  in  fuch  a  manner  as 
produce  fome  regular  geometrical  figure  in  the  folid. 
ius  ice,  during  its  formation  in  water,  or  even  in 
s  open  air,  always  aflumes  a  regular  figure,  as  far 
circumftances  will  permit.    The  fame  is  obfervable 

the  fixation  of  other  fluids,  and  alfo  in  the  fepa- 
tion  of  bodies  from  their  folvents,  as  falts  from 
iter.  This  property  is  called  cryftallization,  and 
2  regularly-figured  bodies  are  called  cryftals.  The 
;ure  of  cryftals  is  influenced  by  fo  many  circum- 
mces — fuch  as  the  quicknefs  of  their  formation,  the 
nperature  and  agitation  of  the  fluid,  the  prefence  of 
ht,  and  others — that  little  dependence  can  be  placed 

it  as  an  indication  of  the  compofition  of  bodies  ; 
nigh  the  experienced  operator  will  doubtlefs  derive 
ne  advantage  by  attending  to  it. 

The  regular  arrangement  of  parts  in  cryftallization  Polarity  of  .he 
fuppofed  by  fome  to  be  the  confequence  of  a  pro-  £di«*  * 
rty  in  the  particles  of  bodies,  fimilar  to  polarity  in 
ignetifm.  And  indeed  it  feems  reafonable  to  infer, 
it  two  compounded  particles,  corning  together  by 
taction,  uudifturbed  by  any  other  caufe,  mould  dif- 
fc  themfelves  fo  as  to  apply  fuch  fides  of  each 
gether,  as  are  occupied  by  principles  the  moft 
'.raftivc  of  each  other. 
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SECTION  h 

)F  THE  GENERAL  PRINCIPLES  OF 

BODIES. 


C  H  A  P.  I. 


5NCERNING  THE   GENERAL   DIVISION   OF  CHEMICAL 

PRINCIPLES.  , 

^MONG  the  various  divifions  or  arrangements  principles 
of  chemical  principles,  that  which  follows  their  0F  bodies. 
Tpective  degrees  of  fimplicity  mull  undoubtedly  prove 
e  molt  ufeful,  becaufe  the  more  compounded  bodies 
•11  eofily  aflume  a  regular  order  when  their  refpedive 
mciples  are  known  and  properly  clafled.  There  is 
'^ever  a  limit  in  the  advantages  that  may  be  derived 
en  from  this  method  of  divifion.  The  more  we 
:cecd  m  amplifying  the  principles  of  bodies/the 
>rc  difficult  it  is  to  determine  truly  what  pates  in 

u  2  chemical 
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chemical  operations  *,  becaufe  thefe  principles,  when 
in  their  molt  diftinct  Rate,  have  the  aerial  form,  and 
Arrangement,    cannot  therefore  be  managed  or  weighed  without  I 
confiderablc  difficulty.  From  this  caufe  it  is  that,  while 
we  have  no  difputes  concerning  the  changes  of  combi- 
nation in  groffer  and  lefs  fimple  fubftances,  the  mod 
eminent  chemifts  often  differ  in  their  opinions  concern- 
ing the  tranfitions  of  firft  principles  from  one  combi- 
nation to  another;  and  are  not  agreed  concerning 
the  exiftence  of  fome  of  them.    The  peculiar  proper- 
ties of  bodies  may  be  changed,  either  by  the  addition  oi 
fubtrattion  of  fome  of  their  component  parts    and  it  il 
eafy  to  form  a  notion  that  fuch  a  change  may  alfjj 
happen  by  a  mere  alteration  in  the  difpofition  or  relafivl 
arrangements  of  their  parts,  without  any  change  iij 
their  quantities.    To  determine'  which  of  thefe  eventl. 
takes  place,  when  we  behold  only  the  confcouer 
change,  is  fometimes  impracticable,  for  want  of  a  fuf 
cient  number  of  facts ;  and  in  molt  cafes  the  comple^ 
inveftigation  requires  the  unprejudiced  and  patient  e^ 
ertion  of  all  the  powers  of  the  mind.    It  will 
proper  therefore,  in  an  elementary  arrangement,  to 
our  attention  chiefly  on  the  moft  palpable  compone) 
parts  of  bodies,  which  are  fufficiently  fimple ; 
'  where  they  are  not  the  fimpleft,  to  fpeak  of  their  pr 
ciples  in  the  analytical  method. 
Enumeration.        The  component  parts  of  bodies  are  either, 

1 .  Principles  whofe  exiftence  is  doubtful :  thefe 
heat,  light,  and  phlogiflon. 

2.  Principles  which  have  not  been  exhibited  ir 
folid  or  fluid  ftate,  or  diflblved  in  water,  in  any  nctaj 

proportic 
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roportion:  thefe  are  vital  air,  phlogifticatcd  air,  and  principles 

...  <\F  BODIES. 

'nflammable  air.  t  \  j 

n.  Water.  Enumeration. 

4.  Earths. 

5.  Alkalis. 
<5.  Acids. 

7.  Metals. 

8.  Mineral  combuftibles. 

9.  Parts  of  organized  fubflances,  whether  obtained 
by  mechanical  preflure,  by  fimple  folution  in  water 
or  ardent  fpirit,  by  a  gentle  or  a  ftrong  heat,  by  the 
a£lion  of  folvents,  or  by  fpontaneous  decompofition. 

The  only  general  divifioli  of  bodies  at  prefent  refer-  Animal,  vegeta- 
ted to  in  the  writings  of  modern  chemifts,  is  that  by  kingdoms, 
which  they  are  clafled  into  three  kingdoms,  called  the 
animal,  vegetable,  and  mineral  kingdoms.  The  kind 
of  bodies  arranged  in  the  two  firft  kingdoms  is  obvious 
from  the  terms ;  and  all  other  bodies  are  confidered  as 
!  belonging  to  the  mineral  kingdom. 

Alkalis,  acids,  and  fuch  compounds  as  they  enter  Salts, 
into,  are  diftinguifhed  generally  by  the  name  of  falts. 
The  leading  charadter  of  falts  is  a  ftrong  tendency  to 
combination,  there  being  no  bodies  in  nature  which 
are  not  acted  upon  by  fome  faline  fubftance.  This 
tendency  appears  in  their  eminent  degree  of  folubility 
in  water.  All  bodies  known  only  by  the  name  of  falts, 
are  foluble  in  lefs  than  two  hundred  times  their  weight 
of  boiling  water.  The  fame  caufe  produces  their 
fapidity,  or  tafte,  which  was  regarded  by  the  earlier 
chemifts  as  a  diftin&ive  character  of  faks. 

Metals  are  fometimes  claffcd  with  combuftible  bo- 
dies ;  arid,  ftrictly  fpeaking,  they  are  combuftible.  But 

G  3  as 


S6 


PRINCIPLES 
OF  BODIES. 


Metals. 


PRINCIPLES  OF  BODIES. 

as  none  of  them  poflefs  this  property  in  fuch  a  degree 
as  to  burn  away  in  the  common  air,  without  the  co- 
operation of  other  inflammable  bodies,  which  are 
neceflary  to  maintain  their  high  temperature ;  and 
as  they  poflefs  other  remarkable  properties  peculiar 
to  themfelves — they  require  to  be  placed  in  a  feparate 
clafs. 


CHAP. 
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CHAP.  II. 


ONCERNING  HEAT,   LIGHT,   AND  PHLOGISTON,  CON- 
SIDERED AS  COMPONENT  PARTS  OF  BODIES. 

[T  has  already  been  ftated,  that  the  exiftence  of  heat,  doubtful 
I  ^  as  a  peculiar  fubiiance,  is  not  proved ;  and,  among  principles. 
I  hilofophers  of  the  fvrft  eminence,  there  are  feveral  who  Heat- 
j  hink  the  opinion  that  it  is  a  mere  modification,  is  the  Pase  G'  ~u 
:  noft  probable.    "With  regard  to  light,  the  opinions  of 
me  world  are  lefs  divided.    It  is  generally  taken  for  Light, 
jranted  that  light  is  a  fubiiance,  or  an  emanation  of 
jarticles  of  prodigious  minutenefs,  which  are  projected 
n  right  lines,  with  extreme  velocity,  from  luminous 
>©dies ;  and  that  they  are  repelled  from  all  bodies  at 
:ertain  diftances,  and  at  lefs  diftances  attracted,  fo  as 
•  o  produce  all  the  effecls  of  reflection,  refraction,  and 
;  nfleclion,  in  the  rays  they  compofe.    Thefe  particles  Newton 'sOptksi 
:ire  fuppofed  to  be  either  of  various  magnitudes,  or  fub  i,r!C' 
ilifFerently  acted  on  by  other  bodies,  and  from  that 
:aufe  to  be  feparable  from  each  other  ;  in  which  fepa- 
i-ate  ftate  they  affect,  the  organ  of  fight  with  the  fenfa- 
tion  of  various  colours. 

Many  philofophical  writers  have  conildered  it  as  an  Subtle  fiuLi. 
axiom,  that  a  body  cannot  act.  where  it  is  not*  ;  and 

have 

It  may  be  obferved  that  this  pofition  is  very  doubtful.  All 
our  knowledge  is  derived  from  an  obfervation  of  the  anions 
which  take  place  between  bodies.    "Now  wc  never  fee  bodies  a& 
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doubtful  have  thence  inferred,  that  the  univerfe  is  occupied  by  a 
jrinc  ipLt-.s.  £"ubtlc  fluid,  whofe  action  caufes  bodies  to  approach  and 
recede  from  each  other  in  the  phenomena  of  attraction 
Light.  and  repulfion.  Light  is  confidered  by  fome  authors* 
as  a  modification  of  this  fluid,  in  the  fame  manner  as 
found  is  admitted  to  confift  in  an  undulatory  motion  of 
the  air,  communicated  from  fonorous  bodies.  We 
fhall  not  here  examine  the  mei'its  of  this  queftion, 
but  {hall  only  obferve,  that  no  decifive  experiments 
have  yet  been  offered  in  fnpport  of  either  opinion. 
Burning  lenj,  When  a  great  number  of  rays  of  light  are  made, 
either  by  a  burning  glafs  or  concave  fpeculum,  to  pafs 
through  a  fmall  fpace,  they  excite  a  mofl  powerful  heat 
in  bodies  placed  in  the  focus.  The  flrongeft  feeat  yet 
known  is  of  this  kind.  The  heat  produced  in  bodies 
by  the  action  of  light,  is  in  general  greater,  the  more 
light  is  caufed  to  difappear.  Bodies  which  either  tranf- 
mit  or  reflect:  the  light  in  large  quantities,  are  very  little 
heated  by  the  focus  of  a  burning  apparatus.  Similar 
coatings  of  black  paint,  the  one  upon  a  plate  of  iron, 
and  the  other  upon  a  plate  of  pafteboard,  being  expofed 
in  circumftances  perfectly  fimilar  to  the  fun's  rays,  the 
heat  produced  was  greater  in  the  iron,  though  the  mafs 

where  thejs  arc,  but  always  where  they  are  not.  In  att^  .ftion  and 
repulfion  this  is  evident ;  and  in  impulfc,  there  are  the  beft  rea- 
fons  to  conclude  that  the  impelling  body  approaches  within  a 
certain  diftance  of  the  impelled  body,  and  then  afts  by  its  repul- 
five  force  without  contact.  Even  the  particles  of  bodies  do  not 
touch ;  for,  if  they  did,  how  could  a  diminution  of  temperature- 
bring  them  nearer  together?  Of  the  penetrability  of  matter  we 
<         need  not  fpeak  in  this  place. 

Of  thefe  the  great  Euler  ftands  firft.    See  his  Letters  to  a 
German  Princefs. 

of 
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t  this  lad  was  near  ten  times  that  of  the  pafteboard*.  doubtful, 
has  been  often  afTerted,  that  heat  and  light  are  the  |>RINC|P  J 
me  thing.    But  the  light  of  a  fire  will  pafs  through  a  Light  and  heat 
me  of  glafs,  and  the  heat  will  remain  behind,  as  is  molt 
idently  fhewn  by 'interpofing  the  glafs  between  the 
:e  and  a  concave  metallic  mirror  f.   The  focus  of  the 
irror,  though  as  luminous  as  before,  will  produce  no 
:at.  A  bright  table-fpoon  may  be  ufed  where  a  mirror 
not  at  hand.  The  prefence  of  light  has  a  confiderabla 
Feci:  upon  the  procefs  of  cryftallization  ;  and  in  many 
ftances  it  produces  a  change  in  bodies  of  an  oppofite 
iture  to  that  which  they  fuffer  from  combuftion. 

Inuring  the  combuftion  of  inflammable  bodies,  we  Phlogiftoa. 
;rceive  a  continual  efcape  of  volatile  matter;  and  as 
ic  iixed  refidue  is  ufually  found  to  be  much  lefs  than 
le  original  weight  of  the  body  which  has  been  burned, 
was  natural  for  the  earlier  chemifts,  who  were  unac- 
aainted  with  the  nature  and  quantity  of  the  volatile 
•odufts,  to  infer  that  combuftion  confifted  in  the  efcape 
fome  principle  which  inflammable  bodies  poflefied, 
:it  which  was  wanting  in  fuch  as  could  not  be  burned, 
his  doctrine  has  been  occafionally  modified  till  our 
■  me ;  and  the  experiments  made  by  expofiiag  to.  heat  a 
ietal  that  had  been  burned,  together  with  another 
lore  inflammable  body,  in  a  clofed  vefTel,  in  which 
ie  latter  was  confumed,..  while  the  former  recovered  its 
lflammability,  were,  till  lately,  received  as  undoubted 
roofs  that  the  principle  of  inflammability  or  phlogifton 

*  Dr.  George  Fordycc,  in  Phil.  Tranf.  Vol.  LXXV1I.  p.  3  j.3. 
t  Schecle  on  Air  and  Fire,  p.  7o.    Englifh  tranflation. 

had 
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doubtful  had  patted  from  the  one  body  to  the  other.  It  was 
PRINCIPLES.      j     .  ,  , ,  •  ,  .    ,. ' 

v  j  indeed  urged  as  an  objection,  that  metallic  bodies,  fo 

Phlogifton.       far  from  lofing  weight  by  calcination,  do  really  become 

heavier:  and  later  experiments  fliewed  that  this  increafe 

of  weight  was  gained  from  the  air;  the  abfolute  nec 

fity  of  whofe  prefence  in  combuftion  had  been  formerly 

either  overlooked,  or  flightly  regarded.    But  this 

explained  from  the  doctrine  of  affinity,  by  the  fuppoG-j 

tion  that  the  pure  air  of  the  atmofphere,  combining 

with  the  bafe  of  the  combuftible  body,  fet  its  phlogiftonj 

or  fire,  at  liberty.    The  modern  doctrine  of  heat  how-j 

"Pag6  33*       ever  appears  to  {hew,  that  the  increafe  of  temperature 

arifes  from  the  air,  and  not  from  the  combuftible  body! 

and  this  confideration  has  led  feveral  eminent  Frenc| 

chemifts  to  reject  phlogifton  altogether*,  and  to  coi 

der  the  procefs  of  combuftion  as  nothing  elfe  but  th| 

act  of  combination  of  vital  air  with  the  combuftibH 

body  j  the  matter  of  heat,  which  according  to  tl 

is  combined  with  the  air,  being  fet  at  liberty. 

Among  the  chemifts  who  maintained  the  old  opj 

nion  it  became  therefore  an  object  of  enquiry,  whe 

ther  the  air  abforbed   in  combuftion  really  eithe 

expels,  or  combines  with,  any  principle  common  to  aj 

inflammable  bodies.    For  if  thisfliouldberefolved.il 

the  affirmative,  the  fubftance  found  would  be 


*  This  do&rine  may  be  feen  difplayed  at  length  in  the  noti 
annexed  to  Kirwan's  Eflay  on  Phlogifton,  fecond  edition. 
Lavoifier  is  the  firft  of  the  chemifts  who  explained  and  illu 
the  new  doctrine  by  a  fet  of  accurate  experiments,  and  a  judicic 
arrangement  of  the  known  facts  j  but  M.  Baycn  may  beconfidcr^: 
as  the  firft.  modem  who,  upon  rational  grounds,  rejected  the  phi 
gifton.  The  excellent  John  IVtayow  &  the  father  of  this  do&rini 
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tnciple  of  inflammability  or  phlogifton.  The  evident  doubtful 
y  to  determine  this  muft  be,  to  heat  combuftible  ^RINC^PL£S- 
lies  in  clofed  veflels.    The  moil  predominant  vola-  Phlogifton. 

product  is,  in  thefe  cafes,  found  to  be  a  very  light 
ial  matter,  which  is  very  inflammable  when  com- 
n  air  is  prefent  j  and  is  known  by  the  name  of  in- 
nmable  air.    Mr.  Kirwan  firft  announced  this  as 

phlogifton. 

Che  great  queftion  now  is,  whether  inflammable  Queftion. 
be  contained  in  all  combuftible  bodies,  fince  they 
not  all  emit  it  by  mere  heat  •,  and  it  is  evident  that, 
:ombuftion  can  be  effected  without  it  in  any  one 
:ance,  it  cannot  be  the  indifpenfable  and  univerfal 
nciple  of  inflammability.  Its  exiftence  is  denied  in 
phur,  phofphorus,  charcoal,  metals,  and  fome  other 
fiances.  It  may  however  be  obtained  by  heating 
fe,  if  water  be  prefent :  whether  it  is  afforded  by 
fubftance  under  examination,  or  by  the  water,  is 
refore  the  fubjecl  of  controverfy. 
ATe  may  refume  this  fubject  as  we  advance ;  but 
ugh  has  been  faid  in  this  chapter  to  fhew  the  learner 
t  the  exiftence  of  heat,  light,  and  phlogifton,  as 
mical  principles  of  bodies,  is  not  yet  incontroverti- 
eftablifhed. 


CHAP. 
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OF  PHLOGISTIC  ATED,  DEPHLOGISTICATED  OR  VITA 
AND  INFLAMMABLE  AIR,    AND  OF  THE 
COMPOSITION  AND  GENERAL  PRO- 
PERTIES OF  WATER. 


buftion  on  com 
moa  air. 


coMBtJs-    TT  J  HENEVER  ccmbuftion,  or  an  equivale 
t    TI°N>   j     *  *     procefs,  is  carried  on  in  a  veflel  containiJ 
atmofpherical  air,  which  is  inclofed  either  by  invert!* 
Page  50.         the  veflel  over  mercury,  or  by  (topping  its  apertiij 
in  a  proper  manner,  it  is  found  that  the  proc 
ceafes  after  a  certain  time ;  and  that  the  rema 
ing  air,  which  is  about  three-fourths  of  the  wh 
bulk,  is  of  fuch  a  nature,  as  to  be  incapable  of  maj 
taining  combuftion,  or  fupporting  the  life  of  aninr 
Effects  of  com-  From  this  experiment  it  is  clear  that  one  of  the 
lowing  deductions  rauft  be  true  :  1.  The  combuf ' 
body  has  emitted  fome  principle  which,  by  combi 
with  the  air,  has  rendered  it  unfit  for  the  purpoii 
combuftion :  Or,  1 .  It  has  abforbed  part  of  the 
which  was  fit  for  that  purpofe,  and  has  left  a  red 
which  is  of  a  different  nature  :  Or,  3 .  Both  events 
happened ;  namely,  that  the  pure  part  of  the  air 
been  abforbed,  and  a  principle  has  been  emitted 
has  changed  the  original  properties  of  the  remaind 
The  facts  muft  clear  up  thefe  theories.  The 
cannot  be  altogether  true,  becaufe  the  refidual 
not  only  of  lets  bulk,  but  of  lefs  fpecific  gravity, 
the  burned  body  is  heavier  than  before.  The 
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Lnnot  therefore  have  received  fo  much  as  it  has  loft,  combus- 
i.ae  fecond  is  the  doctrine  of  the  pnilpfbphers  who 
1  .iy  the  exigence  of  phlogifton,  or  a  principle  of  in-  Opinions. 
I  mmability.  And  the  third  mull  be  adopted  by  thofe 
1 10  maintain  that  fuch  a  principle  efcapes  from  bodies 
I  'ring  combuftion.    This  refidue  was  called  phlo- 
1  fticated  air,  in  confequence  of  fuch  an  opinion. 
I  In  the  opinion  that  inflammable  air  is  tire  phlogifton,  Phlogifton. 
|  is  not  necefTary  to  reject  the  fecond  deduction.  For 
I  ie  pure  or  vi^al  part  of  the  air  may  unite  with  inflam- 
[  table  air,  fuppofed  to  be  in  a  fixed  ftate  in  the  com- 
uftible  body  •,  and  if  the  product  of  this  union  remain 
.  xed,  it  is  plain  that  the  refidue  of  the  air  after  com- 
uftion  will  be  the  fame  as  it  would  have  been  if  the 
j  ital  part  had  been  abforbed  by  any  other  fixed  body. 
|  )r  if  the  vital  air  be  abforbed  while  the  inflammable 
ir  is  difengaged,  and  unites  with  the  aerial  refidue, 
his  refidue  will  not  be  heavier  than  before,  unlefs  the 
i flammable  air  it  has  gained  exceeds  in  weight  the 
ital  air  it  has  loft. 
It  is  rendered  more  probable  that  the  air  of  the  at-  Compofition  of 

ri  rrtr        •  <--ii  •        the  aCmofphcra. 

nolr  nere  conhits  or  a  mixture  of  a  vital  and  a  noxious 

j?art,  by  the  fa£t,  that,  when  fixed  bodies  have  been 
i  mrned  or  calcined  (for  example,  mercuf y  converted 
.nto  precipitate  per  le),  the  vital  air  may  be  again  ex- 
tricated from  fome  of  them.  This  is  found  to  maintain 
combuftion  in  the  moft  efFe&ual  manner,  and  is  almoft  • 
totally  abforbejl  in  that  procefs,  inftead  of  leaving  a 
refidue  fuppofed  to  be  changed  by  phlogiftication. 
And,  on  the  other  hand,  there  is  no  unequivocal 
proof  that  vital  air  can  be  obtained  from  the  phlogifti- 
cated  part  by  any  operation  whatever. 

Vital 
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VITAL  AIR.     NITROUS  AIR. 


Refpiration  is  a 
procefs  of  the 
lame  kind  as 
combuftion. 


vital  air.      Vital  air  may  be  obtained  by  heat  from  nitre,  fr 
v   ITu  alum,  from  mercury  calcined  without  addition,  and  ufu. 

Subflancesvvhich  *  J  7  *" 

afford  vital  air.  ally  called  precipitate  per  fe ;  from  red  precipitate,  from 
minium,  from  manganefe,  and  from  lapis  caiaminaiig, 
Moft  nitrous  and  vitriolic  falts  afford  it  by  heat.  It  it 
contained  in  the  bladders,  of  fea-weed,  and  in  wat 
The  green  vegetable  matter  formed  in  water  emit 
when  expofed  to  the  fun's  light ;  and  it  is  found 
general  that  the  leaves  of  plants,  in  like  circi 
fiances,  emit  vital  air.  Whence  it  appears  that  tl 
are  abundant  provifions  for  reftoring  the  purity  of 
air,  which  is  continually  injured  by  combuftion, 
fpiration,  fermentation,  and  other  proceffes. 

The  refpiration  of  animals  produces  the  fame  effe^ 
on  air  as  combuftion  does  ;  and  their  conftant  he 
appears  to  be  an  effect  of  the  fame  nature.  When 
animal  is  included  in  a  limited  quantity  of  atmofpl 
rical  air,  it  dies  as  foon  as  the  air  is  vitiated.  Vital 
in  like  circumftances,  maintains  the  life  of  animz 
much  longer  than  common  air. 

/  Vegetables  do  not  thrive  in  vital  air.    Thefe  aj 
pear  to  render  common  air  purer,  by  abforbing 
phlogifticated  or  noxious  part.    They  emit  vital 
when  the  fun  {nines  on  them.    This  is  fuppofed 
arife  from  the  decompofition  of  water. 

Several  of  the  metals,  and  other  combuftible  ful 
ftances,  when  diffolved  In  fpirit  of  nitre,  afford  or 
U  icate,  by  an  effervefcence,  a  kind  of  air  called  nitror. 
air,  of  which  we  fhall  more  particularly  fpeak  in  it 
place.    Mercury  is  one  of  thefe  metals.    If  this  air 
be  mixed  with  any  other  air  in  which  vital  air  is  con- 
tained, it  unites  with  this  laft,  and  forms  red  fumes, 

which 


Vegetables  affed 
the  air. 


Nitrous  air  ufed 
as  a  ted. 
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hich  fall  down,  and  are  found  to  confift  of  nitrous  inflamma- 
:id.    The  air  itfelf  is  diminifhed  in  bulk  by  the  lofs ;  t  BLE 
id  hence  the  nitrous  air  becomes  a  teft  of  the  good- 
fefs  of  refpirable  air.    For  the  diminution  is  greater 
le  greater  the  quantity  of  vital  air.  t 
All  animal  or  vegetable  fubftances  which  can  be  Subftances 

°  w  which  afford  m- 

arned  in  the  open  air,  charcoal  excepted,  will  afford  flammable  air. 

'iflammable  air,  if  heated  in  clofed  veffels.    This  is 

fually  mixed  with  air  of  other  kinds,  and  with 

leaginous  matter.    Charcoal  and  feveral  metals  afford 

lflammable  air  by  heat,  if  water  be  prefent.  Some 

letallic  fubftances,  during  their  folution  in  acids, 

fFord  or  extricate  inflammable  air,  which  is  of  the 

urefl  kind.    This  fluid  is  very  light,  according  to 

s  purity.    It  is  ufually  about  ten  times  as  light  as  an 

qual  bulk  of  common  air ;  but  it  is  faid  to  have 

een  obtained  feventeen  times  lighter  *.  The  common 

rocefs  for  obtaining  it  is,  to  diflblve  iron  filings  or 

.lavings  in  diluted  vitriolic  acid. 

If  a  mixture  of  about  two  parts,  by  meafure,  of  Water  produced 

.        '.  '  by  combuftion  of 

flammable  air,  with  one  of  vital  air,  be  fet  on  fire,  vital  and  inflam- 
i  a  ftrong  clofed  vefTel,  which  may  be  done  by  the  .mab|>le 
eclric  fpark,  the  airs,  if  pure,  will  almofl  totally 
ifappear,  and  the  product  will  be  water  and  an  acid- 
'ill  lately,  the  produce  was  thought  to  be  mere 
rater;  and  feveral  eminent  chemifts  at  Paris  have 
rongly  infifted  that  it  was  equal  in  weight  to  the 
wo  airs  made  ufe  of.  This  agreement  however 
1  as  never  been  proved  f ;  and,  as  every  kind  of  air 

ufually  > 

•  By  Morveati.   Sec  the  Acroftat  dc  Dijon. 
•I  When  we  coiifider  the  great  bulk  and  final!  weight  of  air, 
lc  magnitude  of  the  apparatus,  and  the  imperfeftion  of  the  heft 

balances, 
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Tht  extenfive 
utility  of  water : 


water.  ufually  holds  a  large  proportion  of  water  in  fdutio 
\v  ikcther  water  fr°m  which  the  aqueous  product  might  be  derived,  i{| 
kc*  compound,  fan  remains  a  problem  to  be  decided,  whether  watcilj 
with  refpett  to  the  prcfent  ftate  of  our  knowledge,  bl 
a  fimple  or  $.  compound  fubftance.  For  the  watq 
may  either  be  fm-med  by  the  union  of  the  two  ai 
or  the  real  airs  may  be  totally  employed  in  forming 
acid,  while  the  water  is  fimply  condenfed  upon  the 
lofing  the  aerial  form. 

"Water  is  a  fubftance  which  enters  into  fo  many  ope  I 
rations  of  nature  and  art,  that  a  full  description  of  L  I 
properties  would  include  molt  of  the  properties  of  otht  [! 
bodies.  Its  weight  is  ufed  as  the  meafure  of  fpecifi  [ 
gravity  its  capacity  for  heat  is  aflumed  as  the  ftandatjl 
of  comparifon  for  other  bodies  j  its  temperature  at  tlii 
changes  from  folidity  to  fluidity  and  to  the  elaftic  ftato 
are  taken  as  the  fixed  points  for  thermometers ;  anal 
in  a  word,  the  folubility  of  bodies  denotes,  in  genera* 
the  action  which  this  fubftance  exerts  upon  them. 

Water  being  ufually  met  with  in  thefe  climates  31 
the  fluid  flate,  its  properties  are  in  molt  cafes  treated 
of  under  that  form.  If  it  be  heated  it  gradually  eaj 
pands,  and  is  converted  into  vapour  at  21 2°  of  Fahrer|!; 
heit,  with  fuch  rapidity  as  to  counteract  the  effe£t  qj 
heat  in  railing  its  temperature.  In  a  ftrong  clofejl 
metallic  veflel  it  may  be  heated  nearly  red  hot,  and 

balances,  none  of  which  in  practice  weigh  beyond  five  placet 
figures  (p.  67 — 69), Ave  (hall  find  fufiicicnt  reaiens  toqueftioatfl 
accuracy  of  conclufions,  which  fuppofe  the  quantities  of  air  aij 
water  to  be  rigorcufly  afcertaincd.  Thefe  rcafons  are  fl. ill  moj 
enforced  by  the  confidcration,  that  the  experiments  of  Dr.  Pricflld 
and  M.  Lavoifier  do  net  agree. 
6 


— jts  general 
properties. 
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itate  its  folve'nt  powers  are  greatly  jncreafed.  If  the  water. 
1  be  opened,  fleam  fuddenly  rufhes  out,  and  the  V  v 
erature  of  the  fluid  falls  inftantly  to  21 2°.   When  General,  propei- 
r  is  cooled,  it  gradually  contracts  till  within  8°  of 
:ing,  and  then  expands  till  it  free2es.    The  parts 
:c  water  which  firfl  become  folid  by  freezing,  have 
orm  of  fword-blades,  crofling  each  other  at  angles 
d  degrees.    It  will  moot  out  into  this  form  in  the 
1  air,  as  may  be  feen  in  fnow  or  hoar  froft  upon  trees* 
is  confiderably  lighter  than  water,  and  therefore  ice* 
s  upon  it.    The  expanfion  of  ice  at  the  time  of 
ormation  is  made  with  fuch  force  as  to  burfl  the 
lgeft  metallic  veflels :  and  the  expanfion  of  fleam 
.rodigioufly  great.     This  laft  power,  being  very 
.  ageable,  by  transferring  greater  or  lefs  quantities  of 
n  into  the  velfels  of  apparatus,  or  by  condenfmg 
zs  been  applied  to  the  moft  important  mechanical 
in  the  fleam  engine,  and  will  doubtlefs  be  applied 
any  more. 

I  'hen  water  is  included  in  a  metallic  globe  or  vefTel,  Effects  of  the 
d  the  eolipile,  which  has  only  a  very  fmall  aperture,  eollFlle- 
it  is  then  made  to  boil,  the  fleam  ifTues  out  very 
ntly,  and  will  flrongly  urge  a  fire  in  the  fame 
■ner  as  bellows.  This  has  been  thought  to  prove  a 
mpofition  of  the  water.  But  it  is  not  the  fleam 
m  excites  the  fire,  but  the  air  it  drives  before  it. 
an  eolopile  will  not  produce  this,  but  the  contrary 
~t,  unlefs  a  body  of  air  be  interpofed  between  its 
•ture  and  the  fire  *. 

he  denfity  of  water  f  is  fuch  that  a  cubic  foot  Denfityofwater, 
Lewis's  Philofophical  Commerce  of  Arts,  p.  fjt 

Jh-^IT^  hl  Cotes'  who        5t  is  VCI7  Nearly  fo. 
pa  H}droftatical  Lcftures,  p.  ?6,  fecond  edition; 
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weighs  looo  ounces  avoirdupois  weight.  This  forttf 
nate  concurrence  of  unity  of  meafure  with  a  roun 
number  in  the  weight,  renders  the  common  tables  < 
Specific  gravity  fpecific  gravities  very  ufeful  in  computations.  Fo 
the  numbers  will  denote  the  avoirdupois  ounces  in 
cubic  foot  of  each  fubftance,  provided  the  fpecifi 
gravity  of  water  be  taken  to  be  iooo. 

Whcit watm  are     r^^le  Pureft  common  waters  are  the  lighted,  an 
,  lather  well  with  foap.    For  chemical  purpofes,  wa& 

fhould  be  boiled  on  a  common  fire  for  a  fhort  time,  \ 
difll pate  any  volatile  animal  or  vegetable  impregnate 
it  may  pofTefs,  and  afterwards  diftilled  to  about  01 
half.  The  water  which  comes  over  is  very  pure,  at 
the  accurate  chemift  mould  ufe  no  other.  On  accou 
of  the  extenfive  ufe  and  importance  of  diftilled  wad 
it  is  advifable  not  to  perform  this  operation  but 
veflels  kept  for  that  and  no  other  purpofe. 
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CHAP.  IV. 

OF  THE  SIMPLE  OR  PRIMITIVE  EARTHS. 

<  H  E M I S  T S  diftinguifh  fuch  fubftances  by  the  earths. 
*  name  of  pure  earth,  as  are  brittle,  incombuftible,  V  v 
ifible  by  the  heat  of  furnaces,  not  foluble  in  feveral 
ldred  times  their  weight  of  water,  and  deftitute  of 
,  tallic  fplendour.    There  are  few  earthy  fubftances 
ich  may  not  be  reduced  by  analyfis  to  one  of  the  Five  primitive 
::  following  primitive  earths  : — the  filiceous,  argilla-  eaiths' 
•us,  calcareous,  ponderous,  and  magnefian  earths ; 
jtherwife,  taken  fubftantively,  they  are  called  filex, 
/,  lime,  barytes,  and  magnefia. 

The  adamantine  fpar,  the  jargon  of  Ceylon,  and  a  New  earths. 
;  ieral  fubftance  from  New  South  Wales,  have  afford- 
earthy  fubftances  which,  as  far  as  experiments  have 
i  determined,  are  different  from  any  of  thefe  five. 
:  they  will  not  materially  affecT:  the  general  arrange- 
nt  of  chemiftry,  until  future  refearches  mail  have 
ved  that  they  are  more  abundantly  found  than  at 
fent  we  have  reafon  to  fufpe£t. 

;!n  fome  fyftems  a  diftin&ion  is  made  between  earths  Scenes. 
I  (tones ;  but  this  is  of  no  utility  in  the  enquiry  re- 
eling their  component  parts  and  properties.  A 
ne  is  nothing  more  than  a  hard  earthy  mafs,  and 
earth  in  powder  is  an  aggregate  of  very  minute 
mes. 

Siliceous  earth  abounds  in  all  natural  bodies  which  Siliceoui  earth., 
hard  enough  to  ftrike  fire  with  fteel.    Of  thefe, 

H  %  rock 


Tc°  SILICEOUS  EARTH. 

t  EARTHS,<  rock  cryftal,  quartz,  flint,  gritftone,  jafper,  and  mol 
of  the  precious  (tones  or  gems,  are  the  chief  fpecimeni 
Like  all  other  fimple  fubftances,  it  is  never  found  put 
in  nature.  The  leading  or  principal  character  of  th 
earth  is,  that  it  is  not  perceptibly  acted  upon  by  an 
acid  but  that  of  fluor  fpar.  Alkalis  diflblve  it  in  # 
moift  as  well  as  in  the  dry  way,  but  mod:  eflicacio 
and  in  all  proportions  in  the  latter.  Hence  the  me! 
of  obtaining  filiceous  earth  in  a  ftate  of  purity  co: 
in  diflblving  cryftal  or  quartz  in  a  large  proportion 
fixed  alkali  in  ftrong  fufion  :  for  example,  four  parts 
weight  of  the  fait  to  one  of  the  earth.  This  com 
nation  will  unite  with  water,  in  which  it  muft  be  c 

Liquor  of  flints,  folved.  The  folution  is  ufually  called  liquor  of  fliirj 
An  excefs  of  acid  being  added,  will  combine  \^ith  tl 
alkali,  and  fuch  other  earths  as  nTay  have  exifted  in  tl 
natural  fpecimen ;  and  the  pure  filiceous  earth,  beii 
infoluble  in  water,  will  fall  to  the  bottom.  RepeaM 
walhing  in  diftilled  water  will  feparate  all  the  extij 
neous  matter  from  thefe  particles,  which,  when  driej 
confift  of  filiceous  earth  uucombined  with  any  othj 
fubftance. 

Pure  filiceous  The  particles  of  filiceous  earth,  thus  obtained,  are 
;i  ftate  of  fuch  minute  divifion,  that  they  will  rem' 
fufpended  for  a  confiderable  time  in  water  f  and 
fluid,  violently  heated  in  a  ftrong  clofed  veflel,  will  d 
folve  a  portion  of  it.  Siliceous  earth  is  unalterable 
the  molt  violent  heats  chemiltry  can  produce  in  a  fu 
nace.  Rock  cryftal,  which  is  the  pureft  fpecimen 
this  earth,  of  which  it  contains  ninety-three  parts  in  t] 
hundred,  has  been  fufed  by  flame  urged  upon  it  by 
ft  ream  of  dephlogifticated  air  from  a  blow-pipe.  W3 
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d  alkalis,  in  the  proportion  of  about  double  its  own  earths. 
ght,  it  forms  glafs.  Calcined  metals,  efpecially  lead,  V  * 
diflblve  it,  and  form  glafs  by  fufion.    The  combi- 
on  of  this  earth  with  fluor  acid  is  very  fparingly 
ble  in  water. 

'he  principal  natural  fpecimens  of  argillaceous  earth  Argillaceous 

clays,  properly  fo  called,  marles,  boles,  fiates  or  carth* 
ftus,  and  mica.    In  none  of  thefe,  except  the  flag" 
.e,  does  the  argillaceous  earth  amount  to  fo  much  as 
'  their  weight,  though  their  predominating  qualities 
ear  to  depend  upon  it.    The  moft  obvious  cha- 
:ers  of  this  earth  are,  an  adhefion  to  the  tongue,  or 
wet  andfoft  body,  in  the  more  folid  fpecimens;  and 
markable  tenacity,  ductility,  or  kneadability  fcrve  to 
inguifh  moiilened  clays  in  a  moft  eminent  degree. 
>  foluble  in  acids,  but  alkalis  act  much  lefs  upon  it, 
er  in  the  dry  or  moift  way,  than  they  do  on  filiceous 
;h.  Alum  is  a  combination  of  argillaceous  earth  with  Earth  of  alum, 
olic  acid.    If  the  concrete  volatile  alkali  be  added 
I  folution  of  pure  alum,  the  alkali  and  acid  unite, 
:Le  the  clay  falls  to  the*  bottom,  united  only  with'  a 
1 11  quantity  of  fixed  air.  The  fluid  muft  be  abftra&ed 
Recantation,  and  the  precipitate  warned  with  dil% 
d  water,  and  dried. 

Hays  may  be  eafily  diflufed  and  fufpended  in  water,  Common  cb)  s. 
'  are  not  foluble  in  any  fenfible  degree.    The  fud- 
application  of  ftrong  heat  hardens  their  external 
•  ts,  which  afterwards  burft  by  the  explofion  of  the 
[inure  within.    By  a  more  gradual  heat,  pure  clay 
tracts  very  much,  becomes  hard  and  full  of  cracks 
uTures,  The  prefence  of  filiceous  earth- in  common 

H  3  clays, 
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Pottery, 


Thermometer 
for  ftrong  heat. 


Calcareous 
earth : 


clays,  where  it  ufually  conftitutes  above  half  the  weight! 
renders  the  contraction  more  uniform  throughout,  ani 
prevents  the  cracks,  probably  in  no  other  way  than  Mi- 
rendering  them  more  numerous,  and  too  fmall  to  bl: 
perceived.  When  thus  baked,  it  conftitutes  all  thj 
varieties  of  bricks,  pottery,  and  porcelain.  Thefe,  II 
baked  in  a  ftrong  heat,  give  fire  with  fteel ;  a  proper! 
that  may  be  attributed  to  the  filiceous  earth  they  cow 
tain,  which  cannot  act  on  the  fteel  unlefs  firmly  fl: 
in  the  hardened  clay.  The  dimenfions  of  pottery  ajf 
lefs,  the  greater  the  heat  to  which  the  article  has  bqi 
fubjecled.  On  this  property  is  conftru£led  a  ther- 
mometer for  meafuring  the  heat  of  furnaces,  by  ignittf; 
a  fmall  brick  of  known  dimenfions  therein,  and  aft^' 
wards  meafuring  its  contraction*.  Baked  clay  is  I 
longer  kneadable  with  water,  though  as  finely  puty 
rized  as  mechanical  means  can  go.  Hence  it  has  be  it 
inferred  that  clays  owe  their  ductility  to  a  kind 
gluten  which  is  fuppofed  to  be  diflipated  by  hejJ 
They  recover  that  property  however  by  folution  in  i 
acid  and  precipitation ;  whence  it  fhould  feem  to 
pend  either  on  a  minute  portion  of  acid  contained 
clays,  or  the  fmallnefs  of  the  particles  when  preci 
tated. 

Calcareous  earth,  or  lime,  predominates  in 
{tones  which  are  foft  enough  to  be  fcratched  wit 
knife.    Thefe  are  chalk,  limeftone,  marble,  fpars, 
fum,  or  plafter  ftone,  and  various  others.    As  the  15 
is  molt  frequently  combined  with  fixed  air,  it  is  till 
for  mineralifts  to  drop  a  fmall  quantity  of  nitrous  al 

*  gee  Wedgwood  in        Tranf.  Vol,  LXXII.  and  LXXlM 
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I  pon  the  ftones  they  are  defirous  of  claffing  ;  and  if  it  earths. 
I  -odis  by  the  efcape  of  the  fixed  air,  they  conclude  that  V  "~v 
I  me  enters  into  the  compofition.    To  obtain  pure  cal-  Method  of  ob- 
Inreous  earth,  powdered  chalk  mult  be  repeatedly  taining  11  pu 
[  oiled  in  water,  which  will  deprive  it  of  the  faline 
E  npurities  it  frequently  contains.    It  mud  then  be 
j  ilTolved  in  diftilled  vinegar,  and  precipitated  by  the 
tldition  of  concrete  volatile  alkali.    The  precipitate, 
rhen  well  warned  and  dried,  will  confift  of  lihie 
united  to  fixed  air  ;  the  latter  of  which  may  be  driven 
nfF  by  heat,  if  necefTary. 

If  chalk,  marble,  limeftone,  fpar,  or  any  other  fpeci-  Lime,  or  quick- 
nens  of  this  earth,  containing  fixed  air,  be  expofed  to  limc* 
:ontinued  ignition,  they  give  out  fixed  air  and  wa- 
ter, to  the  amount  of  near  half  their  weight.  The 
remainder,  confiding  chiefly  of  lime,  has  a  ftrong  ten- 
dency to  combination,  and  attracts  water  very  power- 
fully. The  addition  of  water  to  lime  produces  a  very  shkod  lime. 
::onfiderable  heat,  attended  with  noife,  and  agitation 
Df  the  parts,  which  break  afunder ;  and  a  phofphoric 
:  light  is  feen  if  the  experiment  be  made .  in  the  dark. 
Lime  thus  faturated  with  water,  is  faid  to  be  flaked. 
'Water  diflblves  about  one  feven  hundredth  part  of  its 
weight  of  lime,  and  is  then  called  lime-water.  This 
folution  has  an  acrid  tafte,  and  turns  fyrup  of  violets  to 
a  green  colour.  If  lime-water  be  expofed  to  the  open 
air,  the  lime  attracts  fixed  air,  and  is  by  that  means 
converted  into  chalk ;  which,  not  being  foluble  in  wa- 
ter, forms  a  cruft  on  thefurface,  formerly  called  cream 
of  lime,  that,  when  of  a  certain  thicknefs,  breaks  and 
falls  to  the  bottom  :  and  in  this-  way  the  whole  of  the 
lime  will  in  time  be  feparatcd. 

H  4  The 
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earths.  The  pafte  of  lime  and  water,  called  mortar,  has*, 
M^7^  degree  °f  adhefion  and  ductility,  though  much  left- 
than  clay.  When  dry,  it  is  friable  like  chalk.  A  mix- 
ture of  fand,  or  broken  earthen  veflels,  greatly  in-, 
creafes  its  firmnefs,  which  it  feems  to  effect  by  renr 
dering  it  more  difficult  for  the  parts  to  be  removed 
with  refpe£t  to  each  other.  When  mortar  is  left  to 
dry  by  the  gradual  evaporation  of  its  fuperfluous  water, 
it  is  very  long  before  it  obtains  its  utmoft  degree  of 
firmnefs.  But  if  dry  quick-lime  be  mixed  with  mortar, 
it  gradually  abforbs  the  fuperfluous  water,  and  the 
mafs  becoines  folid  in  a  very  fhort  time. 

Ovpfum,  ot         Gypfum,  or  plalter  of  Paris,  confifts  of  lime  united. 

pi  ci  oi  Pans.  ^  vitri0iic  acid,  together  with  water.  If  this  fub-r 
fiance  be  expofed  to  a  moderate  heat,  part  of  the  water 
is  driven  off.  The  dry  powder  which  remains  may  be 
mixed  with  water  to  the  confidence  of  thin  pafte,  and 
poured  into  a  mould ;  and  foon  afterwards  it  fuddenly 
becomes  folid,  at  the  fame  time  that  it  is  a  little  heated, 
and  its  bulk  fomewhat  increaied.  This  effect  may 
be  explained  by  obferving  that  the  particles  of  the 
gypfum  are  at  firft  fimply  wetted  by  the  water,  in 
the  fame  manner  as  happens  with  clay ;  and  for  that 
reafon  no  other  effect  takes  place,  than  the  production 
of  an  imperfect  degree  of  fluiditv,  from  the  motion  of 
the  parts  among  each  other  being  facilitated :  but 
when  the  water,  by  the  gradual  progrefs  of  the  action 
between  it  and  the  dried  gypfum,  becomes  combined 
in  the  fame  manner  as  before  the  calcination,  it  is  at}- 
forbed,  and  enters  into  the  compofition  of  a  folid  body.; 
the  imperfect  fluidity,  arifing  from  the  prefence  of  un- 
combined  water,  difappears ,  heat  is  developed,  and  the 

whole 
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iele  mafs  takes  the  folid  form.    The  ufe  of  this  earths. 
iterial  for  calling  fmall  ftatues,  medallions,  and 
ler  ornaments,  is  \yell  known, 

The  earth  which  enters  into  the  compofition  of  the  Animal  earth, 
nes  of  animals  and  ihells  of  fifli  is  calcareous.  In 
s  former  it  is  united  with  the  phofphoric  acid,  and 
che  latter  with  fixed  air. 

Ponderous  earth,  or  barytes,  is  not  found  very  abuiv  Ponderous  earth, 
ntly,  or  in  large  continued  manes,  but  chiefly  in  the 
unity  of  mines,  or  veins  of  metal.   Its  fpecimens  are 
her  aerated  ponderous  fpar,  which  has  been  found  Ponderous  [par, 
AHton  Moor,  in  Cumberland  *,  and  eonfiderably  ^Saa^  "* 
Tembles  alum,  but  is  of  a  ftriated  texture  :  or  vitri- 
lted  ponderous  earth,  either  in  the  form  of  a  tranf- 
i  rent  fpar  or  an  opake  earth  j  of  a  white,  grey,  or 
;  .vn  colour ;  frequently  of  no  regular  figure,  but 
Lten  in  the  peculiar  figure  of  a  number  of  fmall  convex, 
s  ifes,  fet  edgwife  in  a  ground.   The  opake  fpecimens 
i  ve  been  called  marmor  metallicum,  on  account  of 
;ir  great  weight;  but  the  Englifh  miners  call  it  cawk. 
I'oft  fpecimens  of  this  earth  are  above  four  times  the 
i  tight  of  an  equal  bulk  of  water,  which  conftitutes  an 
I  vious  difference  between  this  and  calcareous  earth, 
i  lich  is  little  more  than  twice  that  weight.:  they  are 

Analyfed  by  Dr.  Withering.  See  Phil.  Tranf.  Vol.  LXXIV. 
•»  Watt,  jun.  in  the  third  volume  of  the  Manchcfter  Memoirs, 
•c->  rcaibns  for  concluding  that  this  Ibccimen  came  from  the 
d  mine  of  Anglezark,  near  Chorlcy,  in  Lancashire,  where  it  is 
mtifully  found.  He  obferves  that  this  is  the  only  mine  in  Eng- 
ld  which  is  known  to  afford  it.  It  has  alfo  been  found  in  the 
nes  of  Stontau  and  Dunglafs,  „car  Dumbarton,  in  Scotland, 

fcarcely, 
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To  obtain  pure 
ponderous  earth, 
t 


Native  aerated 
ponderous  earth, 


This  earth  dif- 
fers from  lime. 


Ponderous  earth 
fuppofed  to  be 
metallic. 


fcarcely,  if  at  all,  folublc  in  water.    The  liver  florae,! 
or  lapis  hepaticus,  contains  about  one  third  part  of| 
this  earth.    If  ponderous  fpar  be  fufed  with  al 
twice  its  weight  of  fixed  alkali,  its  acid  will  unite  wit 
this  laft,  and  form  a  fait,  which  may  be  wafhed  off 
water,  the  ponderous  earth  remaining  behind  in  com 
bination  with  fixed  air.    This  may  be  deprived  of  it 
fixed  air  by  a  flrong  heat,  which  converts  it  into  a 
perfectly  refcmbling  quick-lime  in  tafle,  and  exhibit-! 
ing  fimilar  phenomena  with  water. 

The  natural  aerated  ponderous  earth  differs  frt 
that  produced  by  art,  in  the  circumftance  that  it  conj 
tains  no  water ;  and  to  this  it  feems  to  be  owing 
it  does  not  lofe  its  fixed  air  by  mere  heat. 

Though  this  earth  refembles  lime  in  feveral  refpeti 
yet  its  combinations  differ  from  thofe  of  the  latte 
both  in  weight,  and  fo  many  other  refpects,  as 
dently  fhew  that  there  is  no  reafon  to  confider  the 
as  one  and  the  fame  fubftance.    It  is  combinable 
acids. 

From  feveral  properties  in  which  ponderous  earM 
has  been  obferved  to  refemble  metallic  fubftances, 
has  been  fufpected  to  be  of  that  clafs :  but  this  fufpfl 
cion  has  not  yet  been  verified  by  experiment. 


Magnefia,  Mofl  of  the  native  fpecimens  of  rnagncfian  earf 

are  remarkable  for  a  certain  foapy  or  greafy  feel.  M 
thefe  the  mofl  common  are,  fteatites,  of  a  greenifh  c| 
lour,  and  foft  enough  to  be  fcraped  with  the  nail ;  la 
rock  •,  lapis  ollaris,  or  Spanifh  chalk,  of  a  yellow 
whitifh  colour,  but  rarely  black,  rather  harder  tfy 
fteatites,  and  fo  eafily  wrought  and  turned,  that  p 
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ire  made  of  it.  Afbeftos,  amianthus,  and  the  Venetian  earths. 
and  Mufcovy  talc,  are  included  in  this  genus.  '       v  * 

The  combination  of  vitriolic  acid  and  magnefia  is  Epfom  fait, 
eery  foluble  in  water,  in  which  it  remarkably  differs 
from  the  combinations  of  the  fame  acid  with  the  cal- 
careous or  ponderous  earths.  This  compound  is 
.known  by  the  name  of  Epfom  fait,  and  is  found  in  fome 
waters  but  is  molt  frequently  obtained,  for  com- 
mercial purpofes,  from  fea  water,  after  the  common 
fait  has  been  extracted  by  evaporation.  If  mild  vola-  Mild  magnefia, 
tile  alkali  be  added  to  a  folution  of  Epfom  fait,  the 
alkali  unites  with  the  acid,  and  part  of  the  earth  falls 
to  the  bottom,  combined  with  fixed  air,  which,  when 
well  warned,  is  mild  magnefia. 

Mild  magnefia  is  a  light  impalpable  powder,  of  a  Pure  magnefia* 
white  colour ;  and  forms  a  pafte  with  water,  which  has 
not  much  cohefion.  Heat  drives  off  its  fixed  air,  and 
renders  it  fomewhat  harfher  to  the  feel ;  but  not  cauflic, 
nor  foluble  in  water,  like  lime.  Its  tafte  is  very  flight 
in  either  ftate.  The  ftrongeft  heat  does  not  affecT:  it, 
if  pure.  Acids  diflblve  it,  but  alkalis  fcarcely  affect  it 
in  the  dry  way. 

As  the  various  compounds  of  bodies  ufually  pofTefs  Union  of  earths 
properties  very  different  from  thofe  of  their  principles,  by  *ufion* 
it  is  accordingly  found  that  the  earths,  though  infufible 
alone,  are  not  fo  when  mixed  together.  The  calcare- 
ous earth  is  found  to  be  the  folvent  of  other  earths, 
for  they  are  all  rendered  fufible  by  a  proper  proportion 
of  it.  And  thefe  compounds  of  two  earths  will  dif- 
folve  ftill  more.  So  that  though  one  hundred  parts 
of  lime  will  diflblve  very  little  filiceous  earth  •,  yet  a 
COmpofition  of  one  hundred  of  lime  with  fifty  of 

t  magnefia, 
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earths,  magnefia,  will  diflblvc  one  hundred  of  filiceous  earth j 
V  v  '  and  this  laft  compound  will  take  up  more  magnefia 
than  the  mere  calcareous  earth  could  have  done.  Any 
three  of  the  earths,  in  equal  parts,  \v'i!  vitrify  into  a 
perfect  glafs,  provided  calcareous  earth  be  one  among 
them. 

Suppofed  reduc-     It  has  lately  been  afTerted,  upon  good  authority,  that 

tion  of  the  .  ...  .  ' 

earths,  the  argillaceous,  calcareous,  ponderous,  and  magnefian 

earths  were  reduced  to-  the  metallic  ftate  by  ftrongly 
heating  them  with  charcoal*.  But  however  it  may  be 
probable  from  analogy  that  fuch  reductions  may  be 
within  the  limits  of  poffibility,  it  is  at  prefent  generally 
underilood  that  the  metallic  matter  obtained  in  thefe 
experiments  confided  of  iron  afforded  by  the  crucibles 
made  ufe  of. 

The  new  earths.  We  fhall  frequently  have  occafion  to  treat  of  the 
five  ancient  earths,  as  their  various  combinations  pre- 
fent themfelves  to  our  notice :  but  the  three  lately 
difcovered  earthy  fubftances  not  having  been  fubjecled 
to  experiments,  except  in  the  laboratories  of  the  difco- 
verers,  will  not  again  come  under  difcuflion  in  the  pre- 
fent work.  On  this  account  therefore  it  will  be  proper 
to  fpeak  rather  more  fully  refpe£f.ing  them  than  the 
preceding,  and  likewife  to  enter  more  minutely  into  the 
defcription  of  procefles  than  we  might  otherwife  do  in 
this  early  part  of  our  work. 
Characters  of  A  ftone  has  been  within  a  few  years  brought 
fp arT"  "  from  the  Eaft,  which  has  received  the  name  of  Ada- 
mantine Spar.    Two  varieties  are  known  f.    The  firll 

w  Journal  dc  Phyf.  1790. 

T  Exrra&s  from  die  Memoir  of       Klaprcth.    Annates  <Tt 
Chimie,  i.  183. 

comes 
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-.onies  from  China  ;  it  is  cryftallized  in  fix-ficled  prifms,  earths. 
vithout  pyramids,  varying  in  their  length  from  half  an  ^from'£j~| 
uch  to  one  inch,  arid  in  breadth  near  one  inch  5  its 
olour  is  grey,  of  different  {hades.    Whole  pieces  are 
>pake,  but  thinner  fragments  are  tranfparent :  its  tex- 
ture is  fparry,  and  it  breaks  with  a  polifh.    The  fparry 
exture  produces  a  flight  ftriated  appearance  on  its  fur- 
;ace  :  its  hardnefs  is  fo  great,  that  it  not  only  cuts  glafs 
like  a  diamond,  but  it  marks  rock  cryftal,  and  other 
lard  Hones  :  its  fpecific  gravity  is  3.710,  and  in  fome 
j  pecimens  as  high  as  4.180.    Small  grains  of  magnetic  / 
:alx  of  iron  are  fometimes  difleminated  through  this 


tone. 


The  fecond  variety  is  whiter,  more  decidedly  fpathofe  —from  Bombay, 
n  its  texture,  and  the  grains  of  calx  of  iron  are  fmaller, 
md  merely  adhere  to  its  furface.    It  is  called  corun- 
tum  at  Bombay*.    At  Madras  it  is  known  by  the 
lame  of  grinding  fpar. 

M.  Klaproth  attempted  the  analyfis  of  this  ftone  by  Analysis  of  a<h. 

•    •      r  r  •  1     rr  •         •  •  %        _  mantine  fpar. 

..eeping  it  in  fulion  with  fifteen  times  its  weight  of 
lauftic  mineral  alkali  in  a  filver  crucible  for  five  hours  ; 
hen  adding  boiling  water,  filtering  and  faturating  the 
Ifcali  with  an  acid,  which  confequently  threw  down 
hat  portion  of  earth  which  had  combined  with  the 
lkali.    The  undecompofed  part  was  repeatedly  di- 
verted with  concentrated  boiling  acids.     The  ftone 
vas  not  completely  decompofed  till  after  twelve  repe- 
itions  of  this  procefs  •,  and  it  was  found  to  confift  of 
f>  wo  parts  clay,  and  one  of  an  earth  not  foluble  by  Peculiar  earth, 
f  'ufion  in  alkalis,  nor  afted  upon  by  acids.    It  differs 

v  Various  fpecimens  have  been  fouhd  in  France.     Sec  De 
I  Jorveau  in  the  Annales  de  Chimie,  i.  18 3. 

there- 
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earths,     therefore  from  filiceous  earth,  as  well  as  from  the  four 
v      *  other  foluble  earths. 
Chancers  of       The  fame  cliemift  examined  the  jargon  of  Ceylon 

the  jargon  of  jo; 

Ceylon.  by  procefies  nearly  fimilar*.    The  colour  of  this  {tone 

is  pale,  of  a  yellowifh  green,  inclining  to  red ;  form-* 
ing  upon  the  whole  a  kind  of  fmoky  grey  tinge.  Itl 
regular  figure  is  that  of  a  four-fided  prifm,  terminated 
by  two  obtufe  pyramids,  compofed  each  of  four  ifofceles 
triangles.  Its  fpecific  gravity  exceeds  that  t  of  any 
other  ftone,  being  4.615. 

Pieces  of  this  ftone  being  ignited,  thrown  into  wa* 
ter  to  render  it  lefs  coherent,  and  then  levigated  upon 
porphyry,  were  fufed  in  the  filver  crucible,  with  a  large 
proportion  of  cauftic  fixed  alkali.    The  folution  was 
treated  with  water  and  with  marine  acid,  which  took 
up  a  fmall  part,  and  left  a  refidue,  which  was  again 
fufed  with  alkali,  and  treated  as  before.    After  feveral 
repetitions  of  this  procefs,  the  whole  was  diflblved* 
By  faturating  the  acid  with  mild  vegetable  alkali,  the 
earthy  matter  was  thrown  down.    Digeftion  of  part 
of  this  precipitate  with  marine,  and  part  with  vitriolic 
acids,  indicated,  after  a  due  application  of  chemical  J 
methods,  a  confiderable  portion  of  filiceous  earth,  j 
with  a  minute  quantity  of  iron  and  nickel,  and  2  j 
much  larger  proportion  of  an  earth  which  remained  j 
fufpended  on  account  of  its  folubility  in  acids.    This  j 

Peculiar  earth,  earth  was  found  to  differ  in  its  properties  from  every! 

other  yet  known :  its  folubility  fufficiently  diftinguiihesi 
it  from  filex.  When  precipitated  by  mild  alkali,  it. 
did  not  become  effervefcent,  like  lime  or  magnefian 

f  See  the  Memoir  at  length  in  the  Journal  de  Phyfique  for) 

March  1790.  .  , 

neither! 
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either  did  it,  like  them,  form  felenite  or  Epfom  fait  earths. 
ith  vitriolic  acid.    It  did  not  form  alum  with  the  * 
i  Lriolic  acid,  as  clay  does.    It  differed  effentially  from 
t  onderous  earth,  in  its  not  being  precipitable  by  the 
|  ruffian  alkali ;  and  in  forming  a  fait  with  vitriolic 
;id,  which  was  exceedingly  different  from  ponderous 
)ar.  This  earth  was  not  foluble  either  in  microcofmic 
!  It,  or  in  mineral  alkali,  when  treated  by  the  blow- 
ripe  •,  but  borax  diffolved  it.    The  jargon  was  found 
\  3  contain  in  the  hundred  parts  3 1  ~  filex,  i-  calx  of 
on  containing  nickel,  and  68  of  this  peculiar  earth. 
A  mineral  from  New  South  Wales  was  put  into  Mineral  from 
le  hands  of  Mr.  Wedgwood  by  Sir  J.  Banks*.    It  waks:"* 
5  onfifled  of  a  mixture  of  fine  white  fand,  afoft  white 
!  arth,  fome  colourlefs  micaceous  particles,  and  a  few 
'•  lack  ones,  refembling  black  mica  or  black  lead.  Mr. 
I  Vedgwood  made  fome  experiments  upon  it,  but  does 
ot  appear  to  have  completely  analyfed  the  mafs,  moft 
\  robably  on  account  of  its  fmall  quantity. 

Neither  the  nitrous  nor  vitriolic  acids,  concentrated  — fuVjcaed  *» 
r  r  diluted,  hot  or  cold,  were  found  to  take  up  any  exPerimcntB* 
hing  from  this  mineral  which  could  be  precipitated 
y  alkalis ;  excepting  that  the  ftrong  vitriolic  acid,  by 
ue  management,  indicated  a  minute  portion  of  clay. 
1  Jut  the  marine  acid,  by  digeflion  near  its  boiling  heat, 
.Qed  on  it  with  frequent  explofive  burfts,  and  took 
ip  about  one  fifth  of  the  whole.  The  crude  mineral, 
pulverized  and  calcined,  loft  its  blacknefs,  and  one- 
.ourth  of  its  weight,  but  was  found  to  be  as  difficult 
>f  folution  as  before.    Water  added  to  the  marine 


"  Wedgwood  in  the  Philof.  Tranf.  for  1790,  page  306. 

*  folution, 
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KARTHS. 


White  earthy 
matter. 


folution,  threw  down  a  white  precipitate ;  and  the 
feparation  was  fo  complete,  that,  after  an  addition  of 
eight  or  nine  times  the  whole  bulk  of  water,  there  re- 
mained nothing  in  folution  that  alkali  could  precipitate* 
This  white  matter  was  infoluble  in  water,  and  alfo  in 
the  nitrous  or  vitriolic  acids,  and  in  alkaline  folutions* 
Strong  marine  acid  took  it  up  as  before,  by  the  afliilance 
of  the  fame  degree  of  heat.  A  certain  precife  quantity: 
.  nitrous  acid  added  to  the  marine  folution,  kept  the 
white  matter  fufpended,  even  when  diluted  with  water* 
-  Strong  vitriolic  acid  did  not  throw  down  the  white 
matter  from  the  marine  folution ;  but  when  the  quan- 
tity added  was  nearly  equal  to  that  of  the  folution,  part 
of  the  marine  acid  was  extricated  in  white  fumes,  with 
effervefcence.    The  mixture,  heated  nearly  to  boiling, 
becomes  transparent,  and  continues  fo  in  the  cold. 
This  folution  is  alfo  precipitable  by  water,  and  the 
precipitate  is  foluble  in  marine  acid. 
Marine  folution    The  faturated  marine  folution  does  not  cryfb.Ili 
by  evaporation,  but  affords  a  deliquefcent  mafs,  which 
is  not  corrofive,  and  parts  with  its  acid  in  an  heat 
near  ignition.    Prullian  alkali  does  not  precipitate  the 
marine  folution-,  but  all  the  alkalis,  whether  mild  o 
cauftic,  occafioned  copious  precipitations,  which  wer 
foluble  in  marine  acid,  and  thence  precipitable  b 
water  in  the  original  (late. 

This  white  precipitate  is  much  more  fufible  tfc 
any  of  the  other  fimple  earths*  In  a  heat  between  142 
and  156  degrees  of  Wedgwood's  thermometer,  whicU 
is  nearly  as  high  as  is  produced  in  a  fmall  air  furnacej 
it  melted  in  contact  with  clay,  with  flint,  with  chalky 
with  lime,  with  magnefia,  with  pure  ponderous  earthJ 

andj 


of  the  white 
matter : 


— fufibility. 


/ 
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with  ponderous  fpar,  in  feveral  different  experi-  earths 
its.  In  a  hole  fcooped  in  chalk  it  run  into  a  :  -v""'~' 
Oth  whitifh  opake  bead,  not  at  all  adherent  to  the 
k  itfelf  j  and  in  a  jsavity  in  charcoal  it  likewife 
d,  but  did  not  feem  to  undergo  any  revivification. 
:  of  this  was  foluble  in  boiling  marine  acid,  arid 
ripitable  by  water,  as  at  firft ;  but  an  accident  pre- 
:ed  the  determination  whether  the  whole  was  fo- 

:  appears  proper  therefore  to  confidcr  the  white  Peculiar  eart 
ter  as  a  new  earth ;  directly  foluble  in  no  men- 
urn  but  marine  acid,  or  perhaps  its  compounds  ; 
cryftallizable  in  this  combination  •,  precipitable  by 
er,  and  not  by  the  Pruflian  alkali ;  parting  with  its 
I  in  a  heat  below  ignition  ;  and  fufible  in  a  degree 
heat  not  very  much  exceeding  that  required  to 
t  call  iron. 

'he  black  fubllance  which  feems  to  have  compofed  Other  parts  < 
it  one-fifth  part  of  the  crude  mineral,  was  found  *  6  mlneril ' 
•efemble  plumbago  in  its  leading  properties,  but 
refidue  did  not  appear  to  be  iron.  The  remaining 
e  fifths  of  the  mineral  which  refilled  the  humid 
cks  in  Mr.  Wedgwood's  experiments,  was  probably 
:  •,  but  he  does  not  fpeak  of  any  direct  examination 
ts  properties  by  fufion  with  alkalis,  the  fparry  acid, 
•thervvife* 


CHAP. 
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OF  THE  SIMPLER   SALTS  j    NAMELY,   ALKALIS  ANfl> 

ACIDS. 

alkalis.    nr^HE  alkalis  are  three  in  number;  the  vegetable 
v      *  the  mineral,  and  the  volatile  alkali.    Of  theft 

the  two  former  are  diftinguifhed  by  the  general  appel 
Chara&ers.      lation  of  fixed  alkalis.    The  general  properties  a 
fixed  alkalis  are — i .  They  change  the  blue  fyrup  a 
violets  to  a  green.    2.  Their  tafte  is  peculiar,  and  dti 
agreeably  cauftic,  even  when  diluted   with  watej 
3.  They  have  a  ftrong  attraction  for  water,  witj 
which  they  unite  in  all  proportions-,  and  even  attrad 
it  in  fufficient  quantities  from  the  atmofphere  to  hi 
come  fluid.  4.  They  combine  with  acids  by  a  ftrongl 
affinity  than  is  poflefled  by  moft  other  fubftances,  an 
moderate  temperature.     5.  Moft  inflammable  fu 
ftances  arc  acted  upon  by  them.    6.  They  melt  in 
moderate  heat,  and  in  a  ftronger  heat  they  are  vol 
tilized.    7.  In  the  dry  way  they  diflolve  earths,  a 
the  calces  of  metals. 
Vegetable  fixed      The  vegetable  fixed  alkali  is  found  in  fomeS 
alkali.  which  may  be  faid  to  be  of  the  mineral  kingdom;  b 

it  is  obtained  for  all  the  purpofes  of  trade  and  feien 
from  vegetable  matters.  Of  this  there  are  fevei 
kinds,  which  differ  only  in  the  refpeclrive  quantity 
and  nature  of  the  impurities  they  contain.  The  0 
dres  gravelees  is  a  ftrong  alkali,  made  by  burning 
kuflfcs  of  grapes  a.nd  wine-lecs.    Potafli  is  procur| 
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om  wood-afhes,  and  is  very  far  from  being  pure,  alkalis. 
oft  vegetables  afford  this  alkali  by  burning  them,  J^^fT^o- 
id  mixing  their  ames  with  pure  water ;  which,  after  ^"^J636* 
xantation  or  filtering,  may  be  evaporated,  and  will 
ave  the  fait  behind.     The  pureil  is  obtained  by 
rapping  tartar  in  wetted  brown  paper,  and  placing 
e  parcels  in  beds  or  ftrat'a  alternately  with  charcoal 
a  furnace.    The  whole  is  then  to  be  fet  on  fire, 
.d  the  fire  continued  till  the  blackening  fmoke  ceafeS 
rile.    If  the  heat  be  too  intenfe,  the  alkali  will 
elt,  and  mix  with  the  impurities  of  the  coal;  but 
hen  the  procefs  is  well  conducted,  the  parcels  may 
:  taken  out  entire.    By  lixiviation  or  folution  in  pure 
ater,  with  fubfequent  filtration,  evaporation,  drying, 
id  calcining  in  a  low  heat,  the  alkali  is  obtained  very 
kite,  and  contains  a  confiddYable  portion  of  fixed  air. 
!iis  might  be  driven  off  by  heat ;  but  it  is  not  necef- 
:y  to  be  done  in  that  way,  as  it  would  be  attended 
th  fome  danger  of  the  fait  corroding  the  veffel,  and 
coming  lefs  pure.    The  vegetable  alkali  is  known  in 
e  (hops  by  the  name  of  fait  of  tartar;  but  mod 
eraifts  in  London  fell  the  impure  alkali  of  potaih  fry 
ts  name. 

It  is  not  eafy  to  purify  the  common  vegetable  alka-  Purifying  of  ab 
t  met  with  in  trade,  and  it  is  feldom  attempted.    The  kalls* 
lemilt  is  not  under  any  neceffity  to  employ  his  time 
procuring  the  alkalis  abfolutely  difengaged  from  all 
|  her  matter,  as  they  will  be  equally  ufeful  if  kept  in 
>mbination  either  with  fixed  air  or  with  water; 

which  ftates  the  quantities  may  be  more  accu- 
tely  afcertained  by  weight  when  ufed,  than  if 
ire;  becaufe  their  rapid  attraction  for  water,  in 
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ALKALIS. 


Alkali  of  nitre, 
called  fixed  ni- 
tre. 


Purification  of 
fixed  alkali. 


the  latter  cafe,  renders  the  weighing  almoft  imprar> 
ticable. 

Alkalis  which  contain  fixed  air,,  are  called  mild  al- 
kalis. 

F6r  very  nice  purpofes  this  alkali  may  be  had  from 
common  nitre  by  deflagration.    Nitre  confifts  of 
alkali  united  with  an  acid.    If  the  fineft  prifmaticl 
nitre  be  fufed,  and  made  red-hot  in  a  crucible,  ar 
charcoal  be  then  added  by  degrees,  a  molt  intent 
combuftion  takes  place,  during  which  the  acid  princi-J 
pie  of  the  fait  is  diffipated,  and  the  aikali  is  left  it 
combination  only  with  fixed  air.    More  charcoal  mi 
be  added,  as  long  as  it  continues  to  produce  the  vivi 
flame ;  and  die  heat  muft  be  raifed  towards  the  end 
in  order  that  the  decompofition  of  the  laft  portions  oj 
the  nitre  may  be  more  completely  effected.  This 
has  been  improperly  called  fixed  nitre  ;  but  there  is  nd, 
difference  between  the  pure  fpecimens  of  this  al 
whatever  fubject  it  may  have  been  originally  obtaine 
from. 

Fixed  alkalis  may  be  had  in  a  ftate  of  great  purit 
by  treatment  with  ardent  fpirit*.  The  alkali  is  fir 
to  be  deprived  of  moil  of  its  fixed  air  by  boiling,  witj 
about  its  own  weight  of  quicklime,  in  twelve  parts 
water ;  and  the  clear  folution  muft  then  be  evapora 
till  it  begins  to  be  flightly  confiftent.  It  muft  then 
mixed  with  the  ftrongeft  ardent  fpirit;  and  part 
the  fpirit  may  be  drawn  off  by  diftillation.  As  foot 
as  the  retort  has  become  cold,  it  is  found  to  contain  i 
iblution  of  pure  alkali  in  ardent  fpirit,  which  floajl 
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another  aqueous  fluid,  containing  that  part  of  Alkalis.  J 
alkali  in  cryftals  which  ftill  retains  its  fixed  air, 
alfo  the  earthy  or  metallic  impurities  of  the 
The  fpirituous  folution  being  decanted  off, 
d  evaporated  on  a  fand  bath,  affords  cryftals  6f  pure 
tali  in  groups  0/  quadrangular  pyramids,  which  are 
ry  deliquefcent,  and  folubk  Jboth  in  water  and  ardent 
irk,  with  the  production  of  cold. 

The  vegetable  alkali,  in  its  ufual  {late,  deUquefces  Oil  of  tartar, 
the  air,  and  confequently  unites  with  water  in  all 
oportions.  The  ftrong  folution  of  this  alkali  is 
ually  called  oil  .of  tartar  per  deliqui.um.  Its  action 
1  the  (kin  produces  a  fenfation  or  feel  of  greafinefs, 
hich  has  given  occafion  to  this  appellation.  But  i,t 
ay  be  had  in  permanent  cryftals,  if  enough  of  fixed 
r  be  added  to  its  folution.. 

The  mineral  alkali  in  its  obvious  properties  differs  Mineral  alkali, 
it  little  from  the  vegetable.    Its  attractions  in  gene- 
1  are  lefs  ftrong,  and  the  compounds  it  forms  with 
her  bodies  are  very  different  from  thofe  produced 
th  the  vegetable  alkali.    It  ufually  .contains  'enough 

fixed  air  to  render  it  much  lefs  attractive  of  water 
an  fait  of  Tartar.  If  the  quantity  .of  water  .containing, 
t  of  foda  be  diminilhed  to  about  two  and  a  half  times 
e  weight  of  the  fait  •,  this  laft  begins  to  feparate  in 
yftals,  which  do  not  deliqucfce  in  the  air,  but  become 
•y,  and  fall  to  powder,  by  the  lofs  of  that  portion  of. 
atcr  which  entered  into  the  formation  of  the  cryftals. 

The  water  which  enters  into  the  formation  of  the  Water  of  cryftal. 

ai      r*.;  ,  lizatiou. 

vitals  ot  any  fait,  is  called  the  water  of  cryftalliza-. 

on    and  fuch  falts  as  fall  to  powder  by  expofure  to  Efflorefcence. 
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alkalis,    the  air,  are  faid  to  efflorefce ;  the  pulverulent  fubftanceji 
v  thus  obtained  is  fometimes  called  an  efflorefcence. 

Abundance  of       Mineral  alkali  abounds  in  vaft  quantities  in  the  wa*j 

mineral  alkali;  r    .  . 

infeafalt.        tw8  ot  the  lea,  where  it  forms  half  the  weight  of  the! 

common  fait;  and  it  is  fometimes  found  in  other  nati 
combinations.    The  efflorefcence,  or  faline  matter, 
which  hangs  upon  old  damp  walls,  confifts  of  this 
v    united  to  fixed  air  and  water;  and  in  many  places 
Afia  and  Africa  it  is  collected  at  the  furface  of 
earth. 

—obtained  by       The  mineral  alkali  in  trade  is  obtained  by  burning! 

certain  plants,  which  grow  on  the  fea  fliore.  It  con-j 
tains  feveral  neutral  falts  in  fmall  proportions,  whicn 
may  be  feparated  by  cryftallization;  as  the  alkali,  being 
the  moll  foluble,  remains  fufpended  in  water  longe^ 
than  the  reft.  Sea  fait  may  be  decompofed,  an< 
its  alkali  obtained  alone,  but  not  fufficiently  cheap  fo^ 

Turner's  procefs  common  ufes.    Mr.  Turner's  procefs  is  faid  *  to  con-j 

with  common     rn    •         •  •  ,.       _r    ... i  ,  ,  . 

falt<  hit  in  mixing  a  quantity  or   litharge  (or  calcmt 

lead)  with  half  its  weight  of  common  fait;  which,  afte 

trituration  with  water  till  it  aflumes  a  white  colour,  h 

left  to  ftand  fome  hours  :  after  which  a  decompofitioifl 

enfues,  the  alkali  becoming  difengaged  with  watem 

while  the  acid  unites  with  the  metallic  calx.  This  laftN 

by  a  proper  degree  -of  heat,  produces  a  fine  greeniflf  1 

yellow  pigment,  the  fale  of  which  is  the  chief  objecf 

of  the  manufacturer. 

The  fixed  alkalis  are  {till  considered  as  fimple  fubl 

fiances  with  regard  to  the  prefent  ftate  of  our  know! 

Jedge.    It  is  fufpe£ted  however  that  the  fixed  vegefa 

w  CronfteuYs  Mineralogy,  by  Magellan,  Vol.  I.  p.  336. 
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:  alkali  may  eonfift  of  lime  in  combination  with  the  alkalis. 
>ftance  called  phlogifticated  air;  and  that  the  mineral  '  * 
ali  is  compofed  of  magnefia,  united  to  the  fame 
>ftance.  The  reafons  for  thefe  fuppofitions  are  : — 
\.  fmall  quantity  of  common  nitre  is  produced  by 
pofing  warned  chalk  for  fome  months  to  the  exhala- 
06  of  putrid  animal  fubftances.  The  repeated  diftil- 
ion  of  foap  affords  volatile  alkali,  and  this  contains 
logifticated  air.  And  a  portion  of  magnefia  has 
en  obtained  by  repeated  folutions  and  calcinations 
mineral  alkali. 

Fixed  alkalis,  deprived  of  the  fixed  air  they  may  Cauftic  folution 
•ntain,  by  boiling  them  for  a  Ihort  time  with  quick-  03 
ne,  which  has  a  ftronger  attraction  to  the  air,  and 
comes  converted  into  chalk  by  the  procefs,  are  then 
ul  to  be  cauftic,  becaufe  they  aft  with  fuch  energy 

to  eorrode  and  deftroy  animal  fubftances.    Soap  —or  foap  lees, 
es  is  a  folution  of  this  kind  •,  and  the  combination  of 
cauftic  alkali  with  fat,  or  oil,  is  well  known  by  the 
me  of  foap.    If  one  part  of  lime,  and  two  of  fait 

foda,  be  boiled  in  twelve  parts  of  water  for  a  fhort 
ne,  and  the  filtered  lixivium  be  evaporated  till  its 
ecific  gravity  be  about  1.375,  or,  which  is  the  fame 
ing,  till  a  phial  which  would  contain  an  ounce  of 
ater  would  contain  an  ounce  and  three  eighths  of  the 
-lution  •,  the  foap  may  be  made  by  mere  mixture  of  Soap, 
lis  lye  with  olive  oil,  in  the  proportion  of  one  part  of 
ic  former  with  two  of  the  latter,  in  a  glafs  or  flone 
/are  veffel.  This  mixture,  being  beat  up  from  time  to 
:me  with  a  wooden  fpatula,  foon  becomes  confiftent ; 

w  Thouvcnel  on  Nitre.    Chaptal's  Elements  of  Chcmiftry,  I. 
8 1.  Eng.  tranfl.  and  the  authors  by  him  cited. 
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t  al*alis.^  anil  in  feven  or  eight  days  it  fprms  a  very  white  and 
hard  foap. 

Mnnuf.i£lureof      In  large  pianufaclories  the  lye  is  made  np  ftrongcr 

loap  in  the  large    ,  "  '  ° 

way.  than  to  float  an  egg,  when  the  workmen  begin  to  form 

the  mixture.  To  a  part  of  the  lye  diluted  *hey  add 
an  equal  quantity  of  oil,  which  is  fet  on  a  gentie 
fire,  and  agitated.  When  the  combination  begins  to 
take  place,  the  reft  of  the  lye  is  added,  and  the  whole 
digefted  by  a  gentle  heat  till  the  foap  is  formed.  If 
well  made,  it  is  firm  and  white,  and  completely  mixes) 
with  water,  without  exhibiting  any  greafe  on  the  fur-j 
face.  Trials  are  made  o£  it  during  the  boiling ;  and 
-  the  requifite  additions,  either  of  oil  or  alkali,  are  made] 
as  circumftances  require. 

Manufacture  of  That  beautiful  product  of  human  induftry,  glafsJ 
confifts  of  filiceous  earth  diffolved  in  an  alkali.  Fori 
this  purpofe,  nothing  more  is  neceffary  than  to  expofej 
a  proper  mixture  of  fand,  flint,  or  cryftal,  and  fixedj 
alkali,  to  heat  in  a  furnace  till  they  are  incorporated! 
together  by  fufion.  Simple  however  as  this  procefi 
may  appear,  it  is  by  no  means  an  eafy  operation  tq| 

Difficulties.      make  a  perfect  glafs.    If  the  materials  be  impure! 

and  contain  either  metallic  particles,  or  fuch  as  cannaM 
be  vitrified,  the  glafs  will  be  coloured,  or  defaced  witlJj 
,  opake  fpecks.    If  the  proportion  of  alkali  exceed  twoij 
parts  to  one  of  earth,  the  glafs  will  be  liable  to  alterai 
tion  by  the  action  of  the  air  or  faline  fubftances,  efpe4 
•  cially  acids.    If  the  fufion  be  not  continued  a  fuffi-f 
cient  time,  the  glafs  will  be  imperfect  for  want  of  a 
fuilicient  combination  of  the  materials  :  and  no  meanf 
have  yet  been  found  to  prevent  the  lower  part  of  tM 
"pots  of  glafs  from  cor.taining  a  denfer  glafs  than  the 

upper 
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pper,  by  the  fubfidence  of  the  heavier  materials; 

circumftance  which  produces  the  appearance  of 
ireads  or  veins  in  the  work,  on  account  of  the  difr 
rent  a&ion  of  the  feveral  parts  of  the  fame  glafs  on 
:te  rays  of  light.    The  management  of  the  heat  is 
.fo  a  material  point-,  for  every  increafe  of  heat  extn- 
bubbles  of  fome  elaftic  fubftance  ;  and  if  the  glafs 
2  ufed  during  this  efFervefcence,  it  will  abound  with 
tttle  cavities  which  injure  its  tranfparency.    The  im- 
erfeaions  of  glafs  are  molt  fenfibly  felt  in  the  eon- 
ruftionof  optical  inftrurnents,  efpecially  thofe  which 
re  called  achromatic 
To  prevent  the  fwelling,  at  the  firft  combination  of  Frit, 
le  materials,  they  are  previoufly  mixed,  and  expofed 
or  a  confiderabje  time  in  a  lower  heat  than  is  fufE- 
ient  to  convert  them  into  glafs ;  by  which  manage- 
lent  great  part  of  the  more  volatile  matters  are  diffi- 
:ated.    This  imperfecl:  combination  is  called  frit,  and 
afterwards  fufed  by  a  ftronger  heat.    Glafs  utenfils, 
nlefs  very  fmall,  require  to  be  gradually  cooled  in  an 
ven.    This  operation  is  called  annealing ;  and  is  ne- 
iflary  to  prevent  their  cracking  by  change  of  tem- 
erature,  wiping,  or  flighj  accidental  fcratches. 
The  volatile   alkali  is  molt   commonly   obtained  Manufaflurc  of 

r  i  •  rpi  •    r  i.  r  ,  ,  fal  ammoniit. 

rom  lal  ammoniac,  inis  ialt  was  iormerly  imported 
rom  Egypt,  where  it  is  procured  by  fublimation  from 
oot  produced  by  burning  the  dung  of  camels.  It  is 
low  made  in  great  plenty  for  the  purpofes  of  trade 
D  Great-Britain.  The  component  parts  are  volatile 
dkah,  and  the  fame  acid  as  enters  into  the  compofi- 
:ion  of  fea  fait,  and  is  called  the  marine  acid.  The 
volatile  alkali  is  obtained  in  an  impure  liquid  ftate 

by 
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alkalis,  by  the  manufacturers,  who  diftil  it  from  bones,  or  foot, 
'       v  or  any  other  fubftance  that  affords  it.    To  this  they 

add  the  vitriolic  acid,  and  alfo  common  fait,  in  due 
quantities.  The  vitriolic  acid  firft  combines  with 
the  volatile  alkali ;  but  when  the  common  fait,  whicli 
confifts  of  fixed  mineral  alkali  and  marine  acid,  it 
added,  a  change  of  the  principles  takes  place  by 
double  elective  attraction.  The  vitriolic  acid  feizel 
the  mineral  alkali,  and  forms  the  new  compound 
known  by  the  name  of  Glauber's  fait ;  while  the  ma- 
rine acid  unites  with  the  volatile  alkali,  and  forms  fal 
ammoniac.  By  evaporation  of  the  water,  thefe  faltiu 
are  feparated  by  cryftallization,  and  the  fal  ammoniac  :  I 
is  fublimed  into  cakes  for  fale. 
Volatile  alkali :  In  order  to  difengage  the  volatile  alkali  from  falll 
ammoniac  by  diftillation,  it  is  neceffary  to  add  fomell 
fixed  fubftance  which  (hall  combine  with  and  pre- J  : 
vent  the  marine  acid  from  rifing.  Chalk  and  flaked  it 
lime  are  the  bodies  commonly  ufed.  If  a  mixture  of|« 
.teamed  by    two  parts  of  chalk,  and  one  of  fal  ammoniac  in  pow-|lj 


^i^?dlum  of  der,  be  expofed  to  a  fand  heat  in  a  retort,  with  a  re- 
ceiver adapted,  a  change  of  principles  by  double  affi- 
nity takes  place.  The  chalk,  which  confifts  of  lime 
and  fixed  air,  is  decompofed,  and  alfo  the  fal  ammo* 
'mac.  The  lime  unites  with  the  marine  acid,  and 
forms  a  fixed  earthy  fait,  which  remains  in  the  retort  -y 
and  the  fixed  air  unites  with  the  volatile  alkali,  and 
paffes  into  the  receiver,  where  it  appears  in  the  form! 
of  a  white  hard  fait  of  a  pungent  fmell.  This  is  the 
mild  volatile  alkali,  or  fal  volatile  of  the  apothecaries- 
and  perfumers.  It  is  well  known  as  a  ftimulant  ufu-  | 
ally  put  into  fmelling  bottles. 

Wha 
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When  lime,  or  calcareous  earth  deprived  of  fixed  alkalis. 
,  is  made  ufe  of,  the  decompofition  takes  place  as  _lobtain^"b7 
['ore  •  but  the  volatile  produd"):  has  a  very  different  the  medium  of 

n  e  lime. 

fearance.  It  confifts,  for  the  molt  part,  ot  a  perma- 
ntly  elaftic  or  aerial  fluid,  which  very  readily  com. 
ies  with  water,  but  may  be  confined  in  its  elaftic 
ft  in  veflels  over  mercury.  Moft  of  this  product 
is  formerly  loft,  becaufe  no  more  of  it  was  detained 
the  veflels  than  had  combined  with  the  water  which 
is  driven  over  by  heat  from  the  materials  in  the  re- 
trt,  But  by  the  ufe  of  an  apparatus  upon  the  prin- 
ple  of  fig.  21,  the  air  may  be  received  and  abforbed 
r  water,  without  that  great  lpfs  which  muft  have 
ifen  from  the  aerial  fluid  rifing  long  before  the  wa- 
r,  and  the  quantity  of  this  laft  being  infufficient  to 
tain  it. 

This  permanently  elaftic  fluid  is  called  alkaline  air,  Alkaline  a1§ 

id  confifts  of  the  pure  volatile  alkali  itfelf.    If  fixed 

r  be  added  to  it,  a  white  cloud  is  formed,  confifting 

mild  volatile  alkali,  which  precipitates  •,  and  the 

rs  are  either  dimmiftied  or  difappear,  according  to 

eir  relative  proportions  to  faturate  each  other,  or 

;eir  refpective  degrees  of  purity.    With  the  marine 

•id  air,  hereafter  to  be  treated  of,  which  is  die  pure 

iarine  acid,  it  forms  fal  ammoniac  in  the  fame 

lanner.   It  unites  with  equal  readinefs  with  the  other 

:id  airs.     With  water  it  forms  the  fluid  volatile 

ikali  commonly  called  fpirit  of  fal  ammoniac  with 
me. 

The  volatile  alkali  is  decompofed  and  formed  again  Decompofition 
P  many  chemical  proceiTes.    Thefe,  generally  fpeak-  ^^"SL^ 
ip  require  a  more  intimate  knowledge  of  chemical 

fads 
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alkaljs.  fafts  thnn  the  reader  can  yet  be  fuppofed  to  poffefs,  for 
•S-  '  them  to  be  fpoken  of  at  length  in  this  place.    It  wiU 

therefore  be  fufficientto  obferve,  that  the  dimenfiong 
of  alkaline  air  are  greatly  enlarged  by  repeatedly  palling 
the  eleftric  fpark  or  explofion  *  through  it,  or  by  ig- 
niting a  piece  of  earthen-ware  in  it ;  and  it  is  by  this 
means  rendered  incapable  of  being  abforbed  by  water, 
and  becomes  inflammable.  By  the  admiflion  of  vital 
air,  and  detonation,  the  inflammable  part  is  condenfed, 
and  the  remainder  is  found  to  be  phlogifticated  airf. 
Hence,  as  well  as  from  other  experiments,  it  is  con- 
cluded that  alkaline  air  confifts  of  four  parts  by  weight 
of  phlogifticated,  and  one  of  inflammable  air. 

Characters  of  Acids  are  a  genus  of  falts,  which  may  be  confi- 
dered  as  lefs  fimple  than  the  fixed  alkalis ;  becaufci 
there  are  experiments  which  clearly  fhew  that  th 
maybe  decompofed  into  principles  ftill  Ampler.  Tar 
properties  are — i.  They  change  the  blue  vegetable  c 
lours  of  fyrup  of  violets,  or  tincture  of  litmus,  to 
red.  2.  Their  tafte  is  four,  and  in  general  corronve 
unlefs  diluted.  3.  Moft  of  them  unite  with  water 
all  proportions  ;  and  many  have  fo  ftrong  an  attractio 
for  it,  that  they  cannot  be  exhibited  in  the  folid  ftate 
4.  They  combine  with  alkalis  by  a  ftronger  affinity 
than  is  poflefled  by  moft  other  fubftances  to  thofe  fait; 
at  a  moderate  temperature.  6.  They  aft  upon  earths 
and  upon  moft  inflammable  fubftances  and  metals. 

•  Pricftley,  II.  239-  V.  aiS.  VI.  189. 
f  Bcrthollet  in  Mem.  Acad.  Par.  for  1785,  page  314.  Alfo 
Auftin  in  Phjl.  Tranf.  Vol.  LXXVIII.  p.  387, 

Th 
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The  acids  found  in  the  mineral  kingdom  are — the  acids 
riolic  acid,  known  in  commerce  by  the  name  of~oil  £ 


numeration. 


vitriol;  the  nitrous  acid,  called  fpirit  of  nitre;  the  Mineral  acids, 
rine  acid,  called  fpirit  of  fait;  the  aerial  acid,  ot 
ed  air ;  the  acid  of  borax,  called  fedative  fait ; 
:  acid  of  fpar,  or  fparry  acid  ;  fuccinous  acid,  or 
d  of  amber ;  the  acid  of  phofphorus,  or  phofpho- 
acid ;  the  acid  of  tin ;  the  acid  of  arfenic  ;  the 
id  of  molybdena;  the  acid  of  tungften,  or  of 
jlfram. 

The  vegetable  kingdom  affords  the  acids  of  lemons  ;  Vegetable  acids, 
apples,  or  unripe  fruits ;  of  galls ;  of  benzoin ;  of 
rtar ;  of  fugar,  or  forrel ;  the  empyreumatic  acid  of 
rtar  ;  the  empyreumatic  acid  of  fugar,  or  mucilage  ; 
e  empyreumatic  acid  of  wood  ;  the  acid  of  cam- 
lor ;  the  acid  of  cork ;  and  the  acetous  acid,  or 
negar. 

The  animal  kingdom  affords  the  acid  of  milk  ;  the  Animal  acids, 
i  id  of  fugar  of  milk ;  the  acid  of  ants  ;  the  acid  of 
uffian  blue ;  the  acid  of  fat ;  the  acid  of  the  ftone 
the  bladder;  and  the  acid  of  filkworms. 
I  When  an  inflammable  fubftance  is  added  to  a  ftrong  inflammable  ad. 
:id,  the  effeds  in  general  are,  that  the  acid  is  ren-  dUi(,ns  10  acids' 
:red  more  volatile,  and  part  flies  off  in  an  elaftic 
•rm,  which  has  various  properties,  according  to  the 
ature  and  properties  of  the  acid,  as  will  be  hereafter 
lewn. 

In  the  theory  of  phlogifton,  acids  are  fuppofed  to  Theory, 
ontain  that  principle,  and  to  be  capable  of  uniting 
'ith  it  in  various  proportions.    When  they  have  re- 
eived  a  larger  proportion,  they  are  rendered  more 
olatile,  and  fly  off  in  the  elaftic  form  ;  and  when 

they 
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acids.  they  have  a  lefs  than  the  ufual  proportion  of  it 
r"  Theory.  ^ieY  are  to  De  dephlogiflicated,  arid  act  mor< 
ftrongly  on  phlogiftic  bodies.  In  the  new  theory 
aeids  are  fuppofed  to  corifift  each  of  a  peculiar  bafi 
united  to  vital  air*  in  a  fixed  ftate.  If  they  acl:  oaj 
combuftible  body,  and  become  deprived  of  part  of  thei 
vital  air  by  its  action,  their  conftitution  is  changi 
and  their  bafe  is"  more  difpofed  to  fly  off;  but  if  b 
any  means  they  obtain  an  over-proportion  of  vita 
air,  their  action  on  combuftible  bodies  is  more  effiea 
cious. 

Vital  air  a  com-  .Mo  ft  of  the  phlogiftian  chemifts  admit  of  the  exift 
acids?1  part  °f    ence  of  vital  air,  as  a  component  part  of  acids  ;  a  poG 

tion  which  feems  indeed  to  be  as  well  eftablifhed  upo; 

facls  as  any  part  of  the  feience  of  ehemiftry. 
X'eutral  falts.        Combinations  of  alkalis  with  acids  are  called  neutfa 

falts. 
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CHAP.  IX. 


OF  METALLIC  BODIES  IN  GENERAL. 

METALLIC  fubftances  are  very  eafily  diftin-  characters 
guifhable  from  all  other  bodies  in  nature,  by  °F  M^TALSj' 
eir  very  great  weight,  and'  that  opake  mining  ap- 
:arance  which  is  called  the  metallic  fplendour  or 
illiancy.  Very  few  fubftances  have  half  the  fpecific 
•avity  of  the  lighted  among  the  metals.  They  are 
I  fufible,  though  at  very  different  temperatures  •,  and 

the  fufion  be  made  in  clofe  veffels,  they  fix  again  by 
>ld,  without  having  fuffercd  any  change  but  that  of 
.ternal  figure,  which  muft  be  produced  in  all  bodies 
hich  have  been  either  liquefied  or  volatilized;  namely, 
ey  aflume  the  form  of  the  veflel  which  contains  them. 
:>me  of  them  may  be  extended  confiderably  by  the 
ummer,  without  breaking  them.  This  property  U  Entire  ractefo 
.lied  malleability,  and  the  metallic  bodies  which  poflefs" 
are  called  entire  metals,  or  metals,  in  contradiftinftion 

fuch  as  are  more  brittle,  and  are  called  femi-metals. 
tetallic  fubftances  are  alfo  called  perfect  and  imper-  Perfeft  and  im*. 
ft.  The  perfect  are  fuch  as  undergo  no  lading  change  pai  6    meU  S> 
i  their  properties  by  any  heat  we  can  apply  to  them, 
i  leaft  in  common  furnaces.    The  imperfect  metals, 
men  expofed  to  a  ftrong  heat,  with  accefs  of  vital 
lr,  are  changed,  by  a  procefs  fimilar  to  burning,  and  in 
Dme  of  them  with  an  actual  flame,  into  a  brittle  dull 
ibftance  called  a  calx,  which  is  heavier  than  the  Cajcer* 
letal  it  came  from,  though  its  fpecific  gravity  is  not 
4  fo 
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Enumeration  of 
metals. 


Rejulus. 


metallic  fo  great,  Some  are  even  converted  into  acids.  If 
sub stan i  s.  tj^e  cajx  ^  ^  metal  be  expofed  to  ftrong  heat  in  i 

Acids.       clofed  veflel,  with  fome  inflammable  matter,  it  recovers 
its  metallic  (late.    This  is  called  reduction  or  reviving! 
of  the  metal. 

All  metals  are  imperfect  except  gold,  filver,  and 
platina.  The  imperfect  metals  are,  mercury,  lead, 
copper,  iron,  and  tin  i^d  the  femi-metals  are,  bit* 
muth,  nickel,  arfenic, -j^tyajt,  zinc,  antimony,  manga- 
nefe,  wolfram,  molybdena,  and  uranite.  The  names 
arfenic,  antimony,  manganefe,  wolfram,  and  molyi 
dena,  being  ufed  to  denote  the  mineral  fubitance  fro; 
which  the  femi-metals  are  obtained,  the  femi-meta 
themfelves  are  diftinguifhed  by  the  name  of  regulus  o: 
arfenic,  regulus  of  antimony,  and  fo  forth;  thoug] 
modern  chemifts  often  ufe  the  fimple  term  to  deno 
the  femi-metal  itfelf  alone. 

Metals,  like  other  fufible  bodies,  have  each  a  fixi 
temperature,  or  freezing  point,  at  which  they  beeom< 
folid.  They  afl'ume  a  cryilallized  figure  in  coolinj 
which  is  different  in  each,  and  may  be  feen  by  fufing 
them  in  melting  pots  with  a  hole  in  the  bottom,  ftoi 
Cryftallization.  ped  with  a  ftopper  j  for  in  this  cafe,  if  the  furface  be|^ 
fuffered  to  congeal,  and  the  fluid  metal  beneath  bej; 
fuffered  to  run  out  through  the  hole,  the  under  fur-*( 
face  of  the  remaining  metal  will  be  curioufly  cryf-jj 
tallized.  The  fpecific  gravity  of  metallic  fubftancesh 
is  very  confiderably  affected  by  the  gradual  or  haftyj; 
cooling,  or  tranfition  from  the  fluid  to  the  folid  ftate.li 
Hammering  renders  them  harder  and  more  elaftic'j 
but  this  effect  is  deftroycd  by  ignition. 
Affinities.         The  affinities  of  metals  to  each  other  are  various 

Son" 
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EXTRACTION  OF  METALS  FROM  ORES.  1 2p 

I  ie  will  not  unite  at  all  ;  others  mix  very  readily,  metallic 

,  .  .1  r\       ..1  •  i  SUBSTANCES, 

even  combine  together.     On  this  property  is  t  j 
Lded  the  art  of  foldering ;  which  confifts  in  joining 
I  pieces  of  metal  together  by  heating  them,  with  a 
;  piece  or  plate  of  a  more  fufible  metal  interpofed 
veen  them.    Thus  tin  is  a  folder  for  lead;  brafs,  Solders. 
Ll,  0*  filver,  are  folders  for  iron,  &c. 

Iountainous  diftricts,   where  the  furface  of  the  Countries  m«ft 

.        ,  i  to     i     i     •  abundant  with 

;>e  has  been  thrown  up  or  dnturbed,  in  remote  metais, 

by  earthquakes,  volcanos,  or  other  great  convul- 
tS  of  nature,  are  the  molt  abundant  in  metallic 
ies.    In  digging  into  the  bowels  of  the  earth,  the 
ious  materials  are  moftly  found  difpofed  in  ftrata 
beds,  which  in  plains  lie  level,  but  in  mountains 
inclined  ;  whence  it  happens  that  in  mountainous 
mtries  fome  ftrata  are  often  expofed  to  the  day, 
tch  would  elfe  have  been  too  deeply  lodged  to  be 
ne  at  by  human  art.    It  is  in  the  ftratified  moun- 
is  that  metals  are  ufually  found,  moflly  in  a  ftate 
:ombination  either  with  fulphur  or  arfenic,  or  in  the 
e  of  a  calx.    They  are  alfo  found,  though  lefs  fre- 
:ntly,  in  the  metallic  or  native  (late. 

The  combinations,  or  earthy  bodies,  which  contain  Ores.  Veins, 
tals  in  fufficient  quantity  to  be  worth  extrading,  are  Mm's'  Matrix* 
led  ores.    Iron  ore  fometimes  forms  entire  moun- 
is ;  but  in  general  the  metallic  part  of  a  mountain 
/cry  inconfiderable  in  proportion  to  the  whole.  The 
:s  run  either  parallel  to  the  ftony  ftrata,  though  far 
>m  having  the  fame  regularity  of  thicknefs,  or  they 
ifs  the  ftrata  in  all  diredions.    Thefe  metallic  ftrata 
:  called  veins.    The  cavity  formed  by  art  in  the  earth, 
the  extraction  of  metals  or  any  other  mineral  bo- 

K  dies, 
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metallic   dies,  is  called  a  mine.    The  ftone  wherein  a  meta 

SUBSTANCES.  •       r     ,,     .     ,  ,    ,     .         ,,    .  .  .         ._,  , 

j  ore  is  ufually  bedded,  is  called  its  matrix.    Thefe  a 
not  peculiarly  appropriated  to  any  metal,  though  fi 
(tones  more  frequently  accompany  metals  than  oth 
Operations  for       The  general  operations  by  which  metals  are 

extracting  me- 

jab  from.  ores,    tained  from  ores  are — I .  The  minerals  are  felected; 

fuch  only  are  taken  as  from  experience  are  known, 
the  external  figure  or  appearance,  to  contain  m 

2.  They  are  reduced  to  powder;  and  the  lighter  pa 
wafhed  away,  by  means  of  water,  in  a  mallow,  troug 

3.  The  volatile  parts  are  dimpated  by  the  operati 
called  roafting.    4.  The  ores  are  frnelted  by  thro 
ing  them  into  the  midft  of  the  fuel  of  a  furnace,  vri 
earthy  fubftanees  which  are  drfpofed  to  run  into  gla 
In  this  operation,  the  glafly  matter,  called  fcoria, 
fome  meafure  produces  the  effect  of  rendering  t 
lower  part  of  the  furnace  a  elofed  veffel;  and  the  f 
revives  the  metal,  which  in  the  ore  is  ufually  of 
nature  of  calx.   The  revived  metal  being  much  den 
than  the  fcoria,  falls  to  the  bottom,  and  is  fuffered 
run  out  by  proper  openings.    Thefe  are  the  gener 
operations,  but  they  are  not  all  neceflary  in  nil  ca&j 
and  the  particular  practice  with  the  feveral  ores 
each  metal,  muft  vary  according  to  the  properties 
the  metal  itfelf,  and  the  different  fubftanees  it 
united  with. 

Allaying,  orcf-  The  extraction  of  metals  from  ores,  in  the  fm: 
way,  which  is  neceffary  to  be  made  in  order  to  afce 
tain  whether  the  fpecimens  arc  worth  working, 
called  aflaying  or  eflaying.  In  thefe  fmall  trials  tl 
fufibility  of  the  pounded  ore  is  increafed  by  an  add 
tion  of  black  flux,  which  is  an  impure  alkali,,  fornu 
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mixing  two  parts  of  tartar  with  one  of  nitre,  and  metallic 
ting  them  on  fire.    Metallic  ores  may  be  very  accu-  substances. 
ely  aflayed  by  folution  and  precipitation  in  the  hu-  Humid  way. 
d  way. 

I  The  theory  of  the  calcination  and  reduction  of  me-  Hnory. 
s,  according  to  the  fyftem  of  phlogifton,  is  as  fol- 
jvs  : — Metals,  like  all  other  inflammable  bodies,  con- 
n  phlogifton  united  to  a  bafe.    While  the  vital  part 
the  air  unites  with  the  bafe,  the  phlogifton  is  difen- 
ged,  and  leaves  behind  it  the  combination  called  a 
lx,  which  is  heavier  than  the  metal,  becaufe  the  air 
ceived  exceeds  the  weight  of  the  phlogifton  difen- 
lged. — In  the  antiphlogiftic  fyftem,  metals  are. con- 
iered  as  fimple  fubftances,  which  are  converted  into 
dees  by  their  union  with  vital  air,  and  are  revived  by 
eating  them  with  any  other  matter  which  is  more 
ombuftible  than  themfelves  j  that  is  to  fay,  which 
as  a  ftronger  attraction  for  vital  air,  at  the  tempera- 
ire  of  reduction.    Some  of  the  maintainers  of  phlo- 
ifton  admit  that  the  vital  air  unites  with  that  principle 
f  inflammability,  and  compofes  a  fubftance  which 
ombines  with  the  bafe  of  the  metal.    Here  the  fact 
:grees  with  the  ftatement  of  the  antiphlogiftians,  but 
ae  explanation  is  lefs  fimple. 

Moft  metals  will  uniformly  mix  with  each  other  5  and  Mixture  of  me. 
he  fpecific  gravity  of  the  compound  is  feldom  fuch  as  tals* 
*-ould  have  been  deduced  from  the  fuppofition  of  3 
mere  mixture,  or  fimple  appofition  of  parts.  Their 
FufibiUty  is  likewife  greatly  changed  by  mixture,  and 
according  to  no  certain  rule  yet  difcovered. 

Mixtures  of  metals  are  frequently  called  alloys.  Alloy,. 
But  the  word  alloy,  or  allay,  is  moftly  ufed  to  denote  a 
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metallic    portion  of  metal  which  is  added  to  the  precious 
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i  .  ,  tals,  gold  or  filver 

Solubilityof  me 
tals  in  acids. 


me»| 


Metals  are  moflly  foluble  in  acids,  with  which  the7 

form  falts.    When  a  metal  is  added  to. an  acid,  the 

general  effect  produced  is  the  fame  as  would  have 

arifen  from  the  addition  of  any  other  combuitible  fub* 

Precipitation,    -fiance  to  the  acid.    If  an  alkali  or  earth  be  added  to 

a  metallic  folution,  the  metal  falls  to  the  bottom  in 

form  of  a  calx.    But  if  a  metal  which  has  a  (Iron 

affinity  with  the  acid  than  the  metal  already  difib! 

has,  be  added  to  fuch  a  folution,  the  former  meti 

will  fall  to  the  bottom  in  its  metallic  ftate,  and  the! 

latter  will  be  diflblved  without  caufing  any  of  the! 

efcape  of  elaftic  fluid,  and  other  appearances,  whicM 

would  have  taken  place  if  it  had  been  applied  to  tbej 

mere  acid  ;  notwithftanding  which,  the  latter  metal,  ifl 

precipitated  by  an  incombuflible  fubftance,  fuch  as  aiii 

alkali  or  earth,  will  be  in  the  ftate  of  a  calx. 

Isferences.  It  is  evident,  from  thefe  fa£ts,  that  the  action  of  acidsj 

upon  metals  is  fimilar  to  that  of  heat  with  accefs  c 

vital  air;  and  of  courfe  may  be  accounted  for,  upon 

the  theories  of  chemiftry,  in  the  fame  manner  as  coi 

Original  theory,  bullion  itfelf.    According  to  the  original  theory,  whed 

an  acid  a£ls  upon  a  metal,  it  unites  with  the  bafe  oil 

the  metal,  and  expels  the  phlogifton-,  which  either  rifesl 

alone,  in  the  form  of  inflammable  air ;  or,  combining! 

with  the  acid  itfelf,  forms  an  acid  air,  or  volatile  acioJ 

If  an  alkali  be  added,  the  calx  falls  down,  combined! 

with  air,  -which  it  obtains  either  from  the  alkali  orj 

the  acid  ;  but  if  a  metal  be  added,  the  phlogifton  oft 

this  laft,  uniting  with  the  calx  of  the  former,  revives! 

it,  and  it  falls,  down  in  its  metallic  ftate.   The  netv 

theory 
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rvmavbe  applied  as  follows :  When  a  metal  is  metallic 
iy  nwjr        ^         '  .    ,    •      •  1      r        .1  substances. 

d  to  an  acid,  it  attraas  vital  air  either  from  the 

itfelf  or  from  the  water.    If  the  former,  the  acid  New  theory. 

"  is  decompofed  ;  and  its  bafe,  combined  with  an 

»  proportion  of  vital  air,  arifes  in  the  form  of 

rile  acid,  or  acid  air.    But,  if  the  latter,  the  water 

f  is  decompofed,  its  vital  air  combining  with  the 

d,  and  its  inflammable  air  flying  off:  in  this  cafe, 

acid  is  fuppofed  to  do  nothing  more  than  hold 

calx  in  folution,  and  by  that  means  facilitate  the 

oVi  of  the  water,  which  would  be  much  lefs  effec- 

l  if  the  calx  were  fuffered,  on  account  of  its  in* 

.bility,  to  remain  upon  and  defend  the  furface  of 

metal ;  which,  by  reafon  of  its  infolubility  in 
:e  water,  it  would  not  fail  to  do,  if  the  acid  were 

prefent. 

-Ictals  are  precipitated  by  each  other  in  the  fame  Precipitation  of 

TT  .    .    .  metals  by  me- 

;r,  or  nearly  fo,  in  all  acids.    Hence  it  is  inferred,  tals. 
:  this  effect,  is  produced  by  the  reaction  of  fOme 
imon  principle,  either  of  the  meta]  or  of  the  acids, 
hhe  old.  theory,  a  metal  which  has  a  ftronger  at- 
[  Won  for  phlogiflon,  will  take  that  principle  from 
ther  metal  which  holds  it  more  weakly ;  and  of 
rfe  the  latter  will  caufe  the  former  to  be  precipi- 
d  in  its  metallic  form.    In  the  new  theory,  a  con-  \ 
■y  tranfition  of  vital  air  from  the  acid  produces  the 
ve  effect. :  for  if  a  metal  has  a  ftronger  attraction 
vital  air  than  is  exerted  by  another  metal  already  in 
ition,  it  will  deprive  this  laft  of  it,  and  c<iufe  it  tq  ' 
down  in  the  metallic  flate. 
.\cids  diflblve  metals  only  in  their  calciform  ftate  -,  Limit  of  folu- 
l  the»e  is  a  certain  limit  near  which  the  folution  is  Uon  in  aci4s' 

K  3  bed 
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metallic  beft  performed.    If  an  acid  be  of  fuch  a  nature  as  to!1 

SUBSTANCES,  i      .  ,  ,        -       _  .    .  .     .  ... 

be  incapable  or  calcining  a  metal,  it  will  not  diilolve I 
it,  though  the  fame  acid  would  diffolve  the  calx  if  pre. 
fented  to  it ;  and  if  the  calcination  be  carried  on  tool) 
Theory  of  folu-  far,  the  calx  will  likewife  be  infoluble.  To  explain  this) 
according  to  the  two  theories,  it  may  be  obferved,  thatr 
acids  calcine  metals  by  virtue  of  their  attraction  fori 
phlogifton,  and  fufpend  the  calx  by  virtue  of  the  famefc; 
power  exerted  on  the  remaining  portion  of  phlogiftonJl 
of  which  they  cannot  in  general  diveft  the  calx  ;  con-j 
fequently,  if  the  calx  be  diverted  of  this  portion,  ij.r( 
will  be  infoluble.    Or,  in  the  other  theory,  the  fimpl<|< 
metal  attracts  as  much  vital  air  from  the  acid  as  ii  i 
fufficient  to  convert  itfelf  into  a  calx,  but  not  enough  bfti 
faturate  it  with  that  principle  :  it  is  therefore  fufpendcdlj 
in  confequence  of  its  remaining  weak  attraction  fof| 
the  vital  air  of  the  acid.    But  if  the  calcination  b|  ■ 
complete,  that  is  to  fay,  if  the  affinity  of  the  metal  foil 
vital  air  be  perfectly  fatisfied,  the  remaining  attractioi  I 
of  the  metal  for  vital  air  will  ceafe,  and  it  will  bl  | 
infoluble. 

Aflion  of  van-  The  direct  action  of  alkaline  falts  upon  metals  in 
mcnij.  not  coniiderable :  lulphur  combines  with  molt  qj 

them  readily  in  the  way  of  fufion  ;  and  the  combinatioKi 
of  fulphur  with  an  alkali,  called  liver  of  fulphur,  is 
powerful  folvent  of  all  metals  except  zinc.  NitHI 
heated  with  metals,  acts  in  the  fame  manner  as  it  do 
with  other  inflammable  bodies — it  deflagrates,  anj 
the  metals  become  calcined.    The  perfect  metals  ri 
fift  the  action  of  nitre, 
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CHAP,  h 

ULPHUR,  VITRIOLIC   ACID,    AND  THE  COMBINA- 
TIONS THEY  FORM  WITH  OTHER  BODIES. 

LPHUR,  or  brimftone,  is  a  well-known  hard,  sulphur. 

mttle,  inflammable  fubftance,  of  an  opake  yellow  V  v  ' 

r.    It  is  found  more  or  lefs  pure  in  the  neigh- 
lood  of  volcanos,  where  moft  probably  it  is  al- 
expelled  from  fome  previous  {late  of  combina- 
by  the  heat  of  fubterraneous  fires.    It  is  a  very 
Tvon  ingredient  in  a  great  variety  of  minerals  and 
;  but  it  is  extracted  for  fale  chiefly  from  a  ftone  Pyrites, 
d  pyrites.    This  ftone  is  often  of  an  irregular 
! jlar  %ure  i  and,  when  broken,  is  found  to  have  a 
j  ted  texture,  the  fibres  ufually  converging  towards 
itrc,    Their  great  weight,  and  the  mining  golden 
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SULPHUR. 


Pyrites. 


fulphur 


colour  of  fome  fpecimens/  often  lead  the  ignorant  to 
fuppofe  them  rich  in  precious  metal.    The  contents 
of  the  pyrites  are  various';  but  the  kind  here  fpokenofl 
contains  from  one  fixth  to  one  third  of  its  weight) 
fulphur,  one  eighth  to  five  eighths  iron  in  a  calci 
flate,  and  the  reft  clay  and  filiceous  earth.  They 
fire  plentifully  with  the  fteel ;  whence  their  name 
derived.    A  moderate  heat  will  expel  the  fulphur  fr 
pyrites,  as  it  is  confiderably  volatile.    In  the  h 
way,  in  Germany  and  Italy,  the  pyrites  are  put  ii 
earthen  cucurbits,  difpofed  in  a  furnace  in  fuch  j 
manner  that  when  the  fulphureous  part  melts,  it 
into  veffels  filled  with  water,  and  there  congeals. 

Sublimation  is  neceflary  to  deprive  fulphur  of 
accidental  impurities  it  may  contain.    This  may  bi 
done  in  an  earthen  cucurbit"  fet  on  a  fand  bath,  witl 
a  head  properly  adapted.  The  fulphur  rifes  by  a  verfe 
gentle  heat,  little  more  than  is  fufneient  to  melt  itj 
and  the  fine  fublimate  thus  obtained  is  called  flowers  d 


1 — fublimation. 


AdMon  of  water 
upon  fulphur. 


brimftone. 

Water  has  no  immediate  action  on  fulphur.  It 
faid,  however,  to  foften  the  outGde  by  long  cont 
with  it ;  and  if  fulphur  be  heated  nearly  to  fuch 
degree  as  to  fet  it  On  fire,  and  then  poured  into  wat 
it  becomes  foft,  and  partly  tranfparent.    In  procefi 
time  it  recovers  its  original  hardnefs  and  opacity; 
fleam  of  water  be  pafied  over  fulphur  contained 
heated  earthen  tube,  inflammable  air  is  extricated 
ther  from  the  fulphur  or  the  water,  and  comes  oW 
the  end  of  the  tube  *.    The  experiment  is  troub 

fome  on  account  of  the  fulphur  fubliming. 

l.    v"  *'     •  I  fir  tvJi  ITJiJ1  » >  -  *■   •*  1 

'*  Pricftlcv,  VI.  150. 
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The  combinations  of  fulphur  with  earths  or  alkalis  sulphur, 
ire  called  hepars,  or  livers  of  fulphur,  from  their  colour.  ^  v 
There  is  no  perceptible  action  between  fulphur  and 
pieeous  earth.     Argillaceous  earth  has  very  little 
action  upon  it  in  the  direct  way ;  but  lime  unites 
readily  with  it..   If  frefh  quick-lime  and  flowers  of  Combination 

;  1  of  fnlnniir  •- 


of  fulphur ; 

fulphur  be  mixed,  and  water  be  added  a  little  at  a,  with  lime : 
time,  the  heat  of  the  lime  will  be  fufficient  to  produce 
Ithe  combination.  On  addition  of  more  water,  it  be- 
comes reddifh,  and  emits  a  fetid  fmell  of  rotten  eggs, 
which  is  common  to  all  the  hepars.  The  more  cauftie 
the  lime,  the  deeper  the  colour  of  the  hepar.  The 
pure  fixed  alkalis  decompofe  calcareous  hepar,  by  vir- 
tue of  their  ftronger  affinity  to  the  fulphur :  and  any 
acid  whatever  decompofes  it,  by  attracting  the  lime  ; 
the  fulphur  at  the  fame  time  falling  to  the  bottom  in 
the  form  of  a  fubtle  powder,  formerly  called  magiftery 
of  fulphur. 

Pure  ponderous  earth  boiled  in  water  with  fulphur,  —  with  pond«, 
has  but  little  action  upon  it :  but  in  the  dry  way, 
when  ponderous  fpar,  or  the  combination  of  vitriolic 
acid  and  ponderous  earth,  is  ftrongly  heated  in  a  cru- 
cible with  charcoal,  a  coherent  mafs  is  formed,  which 
is  foluble  in  water,  with  the  fmell  and  other  hepatic 
characters;  and  if  any  acid  be  added  which  will  form 
a  foluble  fait  with  the  ponderous  earth,  a  precipitate 
of  fulphur  will  be  obtained. 

If  a  fmall  quantity  of  magnefia,  and  an  equal  quan-  —with  magnc-. 
tity  of  flowers  of  fulphur,  be  inclofed  in  a  veflel  per-? 
feftly  filled  up  with  diftillcd  water,  and  well  flopped, 
and  then  expofed  to  heat  by  immerfion  in  boiling 
water  for  feveral  hours,  a  combination  will  take  place, 

and 
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sulphur,  arid  the  water  will  contain  a  magnefian  liver  of  fulphur; 
,-v  from  which  the  earth  may  be  precipitated  by  the  ad- 
dition of  an  alkali,  which  will  unite  with  the  fulphur ; 
or  the  fulphur  may  be  precipitated  by  an  acid,  which 
will  combine  with  the  earth. 
Combination  of  The  fixed  alkalis  combine  very  readily  with  fulphur, 
fal^aikj'i'is.  either  in  the  moift  or  dry  way,  whether  they  be  in  a 
pure  or  cauflic  ftate,  or  combined  with  fixed  air; 
though  more  ftrongly  in  the  former  than  the  latter 
cafe.  If  a  folution  of  fixed  alkali  in  water  be  boiled 
with  half  its  weight  of  powdered  fulphur,  a  combina- 
tion takes  place,  and  liver  of  fulphur  is  formed.  Or, 
if  equal  parts  of  dry  alkali  and  powdered  fulphur  be 
melted  in  a  crucible,  and  poured  out  on  a  flat  poliflied 
ftone,  as  foon  as  the  fufion  is  complete,  the  com- 
bination will  be  of  a  liver  colour,  and  is  the  folid 
hepar.  If  it  be  made  with  a  pure  or  cauflic  alkali, 
its  colour  is  deeper,  and  its  chara&eriftic  proper- 
ties more  intenfe,  than  when  a  mild  alkali  is  ufed. 
A  folution  of  the  folid  hepar  in  water  forms  pre- 
cifely  the  fame  fubftance  as  the  preparation  made  in 
the  moift  way. 

Hepatic  air.  The  peculiar  fetid  fmell  of  the  folid  hepar  when 
moiftened,  or  of  its  folution,  is  produced  by  the  emif- 
fion  of  a  permanently  elaftic  fluid,  called  hepatic  air. 
This  fmell,  when  ftrong,  is  infupportable,  and  fuddenly 
deftroys  animal  life.  Hepatic  air  is  very  foluble  in 
water,  which  it  converts  into  a  ftate  perfectly  refem- 
bling  that  of  the  fulphureous  mineral  fprings.  It  ren- 
ders fyrup  of  violets  green,  blackens  the  calces  of  lead 
and  bifmuth,  and  the  furface  of  filver.  Vital  air  dc- 
compofes  it,  and  caufes  fulphur  to  be  depofited.  It 
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cremates  with  vital  air  when  fet  on  fire.    It  is  not  sulphur. 

early  afcertained  in  what  manner  the  fulphur  is  fuf-  ^~  v 
ended  in  hepatic  air.    Sulphur,  melted  by  the  burn- 
jg  glafs,  in  inflammable  air  over  mercury,  produces 

fluid  which  has  the  properties  of  hepatic  air ;  and  Hepatic  air. 
i  if  inflammable  air  be  pafled  through  melted  fulphur, 

becomes  converted  into  hepatic  air.  As  this  air 
i  not  obtained  from  hepar  unlefs  water  be  prefent,  it 
as  been  fuppofed  to  confifl  of  fulphur  volatilized,  in 
ombination  with  inflammable  air,  extricated  by  a  de- 
ompofition  of  the  water ;  whofe  other  component 
•art,  namely,  vital  air,  is  fuppofed  to  unite  with  the 
ulphur.  It  is  even  afierted  that  the  refidue  contains 
itriolated  tartar. 

Fluid  volatile  alkali  has  very  little  action  on  ful-  Volatile  liver  of 
»hur  j  but  a  volatile  hepar  may  be  produced  by  the  fulpl>ur* 
tnion  of  alkaline  air  with  fulphur  in  the  vaporous 
hate.  If  equal  parts  of  quick-lime  and  fal  ammoniac 
e  mixed  together  with  half  a  part  of  fulphur,  and 
illilled  with  the  pneumatic  apparatus  (fig.  15  and  21), 
nth  a  fmall  quantity  of  water  in  the  receiver,  a  red- 
lifh  yellow  hepatic  liquor  will  be  obtained,  which  is 
he  volatile  hepar,  and  was  formerly  known  by  the 
;ame  of  the  fuming  liquor  of  Boyle ;  fo  called  from 
ts  inventor,  and  from  the  white  fumes  it  emits  in  the 
lir. 

Sulphur  combines  with  moll  metallic  bodies  in  the 
Iry  way.    Oils  likewife  diffolve  it,  and  form  com-  Balfaaw. 
pounds  called  balfams. 

ffaffenfratz  in  Pfcl.  Tranf.  V©1.  LXXVII.  p.  306. 


When 


METHODS  OF  OBTAINING 


sulphur.  When  fulphur  is  heated  in  an  open  vcflel,  it  melts; 
Combuftion  of  ani*  f°on  afterwards  emits  a  blueifh  flame,  viable  in  the 
fulpiur.  jjaj.^ .  |3Ut  wnich,  in  open  day  light,  has  the  appear- 

ance of  a -white  fume.  This  flame  has  a  fuffocating 
fmell  j  and  has  fo  little  heat  that  it  will  not  ftt  fire  to 
flax,  and  may  even  be  fuffered  to  play  againft  the 
palm  of  the  hand  without  any  confiderable  inconve- 
nience. In  this  way  the  fulphur  may  be  entirely  con- 
fumed.  If  the  heat  be  flill  augmented,  the  fulphur 
boils,  and  fuddenly  burfts  into  a  much  more  luminous 
flame ;  the  fame  fuffocating  vapour  {till  continuing  to 
be  emitted. 

Volatile  vitriolic     The  fuffocating  vapour  of  fulphur  is  imbibed  by 
water,  with  which  it  forms  the  fluid  called  volatile 
vitriolic  acid.    If  this  fluid  be  expofed  for  a  time  toj 
the  air,  it  lofes  the  fulphureous  fmell  it  had  at  firft, 
and  the  acid  becomes  more  fixed.    It  is  then  the  fluidl 
which  was  formerly  called  fpirit  of  vitriol.    Much  of  I 
.  the  water  may' be  driven  off  by  heat ;  and  the  denfej 
acid  which  remains  is  the  vitriolic  acid,  commonly! 

Oil  of  vitriol,    called  oil  of  vitriol:  a  name  which  was  probably  given! 

to  it  from  the  little  noife  it  makes  when  poured  out; 
and  the  unctuous  feel  it  has  when  rubbed  between  the) 
fingers,  produced  by  its  corroding  and  deffroying  the) 
fkin,  with  which  it  forms  a  foapy  compound. 

Vitriol  of  iron.  The  pyrites  before,  mentioned,  which  coniift,  for] 
the  rnoft  part,  of  fulphur  and  iron,  are  found  to  be] 
converted  into  the  fait  called  vitriol  of  iron  by  expoH 
fure  to  air  and  moifturc.  In  this  natural  procefs  th 
pyrites  break,  and  fall  in  pieces ;  and  if  the  chang 
take  place  rapidly,  a  confiderable  increafe  of  tempera 
ture  follows,  which  is  fometimes  fufficicnt  to  fct  th 
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*s  on  fire.  By  conducting  this  operation  in  an  ^  sulphur.^ 
urate  way,  it  is  found  that  vital  air  is  abforbed. 
•  vitriol  is  obtained  by.  folution  in  water,  and  fuh- 
tcnt  evaporation ;  by  which,  the  cryftals  of  the  fait 
Separated  from  the  earthy  impurities  which  were 
fuipended  in  the  water. 

'he  vitriolic  acid  was  formerly  obtained  W  diftilla-  Diftilktioa  of 

J  '  vitriol. 

from  vitriol  of  iron.   When  this  fait  is  expofed  to 
.:,  the  vitriolic  acid  comes  over,  at  firft  attended 
.1  a  large  quantity  of  volatile  fulphureous  vapour  \ 
,  towards  the  end,  there  is  a  production  of  pure 
hlosrifticated  air.    The  acid  which  rifes  laft  has  a 

O 

crcte  cryftalline  form.  The  acid  obtained  in  this 
cefs  is  black,  and  requires  to  be  purified  by  a 
md  diilillation,  or  rectification,  in  which  the  vola- 
iulphureous  acid  comes  over,  and  leaves  the  denfe 
iolic  acid  behind. 

.loll  of  the  vitriolic  acid  now  ufed  is  produced  by  Manufa&ureof 
combuftion  of  fulphur.    There  are  three  condi-V'r' 
\  s  requifite  in  this  operation.    Vital  air  mult  be 

I  ent,  to  maintain  the  combuftion ;  the  veflcl  mufl  be 
Le,  to  prevent  the  efcape  of  the  volatile  matter  which 

i  and  water  mufl  be  prefent,  to  imbibe  it.  For 
e  purpofes,  a  mixture  of  eight  parts  of  fulphur  with 
of  nitre  is  placed  in  a  proper  vefTel,  inclofed  within 
j  lamber  of.  confiderable  fize,  lined  on  all  fides  with 
I,  and  covered  at  bottom  with  a  fhallow  ftratum  of 
:er.    The  mixture  being  fet  on  fire,  and  fliut  up, 

I I  burn  for  a  confiderable  time,  by  virtue  of  the  fup- 
\  of  vital  air  which  nitre  gives  out  when  heated ; 

1  the  water,  imbibing  the  fulphureous  vapours,  be- 
|  les  gradually  more  and  more  acid,  after  repeated 

com- 
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ACID. 


Characters  of 
vitriolic  acid. 


Combination  of 
vitriolic  acid  and 
clay. 


vitriolic   combuftions ;  and  the  acid  is  afterwards  concentrate 
by  diftillation. 

Pure  vitriolic  acid  is  colourlefs,  and  emits  no  fumes 
It  ftrongly  attracts  water,  which  it  takes  from  th< 
atmofphere  very  rapidly,  and  in  large  quantities,  g 
fuffered  to  remain  in  an  open  veflel.  If  it  be  m 
with  water,  it  produces  an  inftantaneous  heat,  nearl 
equal  to  that  of  ebullition.  Its  action  upon  all  ti 
earths  except  the  filiceous,  upon  the  alkaline  fah 
upon  many  metals,  and  almoft  every  other  combu 
fubftance,  is  very  ftrong. 

"With  argillaceous  earth  it  forms  alum.    This  wi 
known  fait  has  a  peculiar  auftere  or  aftringent  tafte ; 
foluble  in  about  fifteen  times  its  weight  of  water, 
the  temperature  of  6o°,  and  in  a  much  lefs  quantity 
higher  temperatures    from  which  it  may  be  feparat 
in  the  form  of  permanent  cryftals.    It  fufes  at  a  m 
derate  heat,  and  froths  up  till  its  water  of  cryftalliz 
tion  is  evaporated  ;  at  which  period  it  has  the  form 
a  white  friable  fubftance,  called  calcined  alum,  whi 
retains  the  greateft  part  of  its  acid  when  not  l 
much  heated ;  and  may  again  be  reftored  to  its 
ginal  form  by  adding  the  water  it  had  loft  by  the  hi 

Alum  is  not  made  for  the  purpofes  of  commerl 
by  a  direct  combination  of  the  vitriolic  acid  and  claj 
but  is  extracted  from  fubftances  ufually  called  altw 
ores,  which  either  are,  or  probably  were  original 
compofed  of  clay  and  fulphur.    From  fuch  as  eond 
the  alum  ready  formed,  as  is  the  cafe  with  earths  of  tl 
kind  found  in  the  neighbourhood  of  volcanos,  itfl 
extracted  by  lixiviation  in  water,  and  fubfequent  e 
poration.    But  other  fubftances,  fuch  as  pyrites  ^ 


Preparation  of 
alum. 
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im  flares,  require  to  be  burned  or  expofed  to  the  vitriolic 
and  moifture  for  a  time,  before  any  alum  can  t  Acjp"  ^ 
had  from  them.     Thefe  procefTes  convert  the 

-ihur  into  vitriolic  acid.    Alum  works  have  long 

;n  eftablifhed  in  Britain,  and  many  other  parts  of 

:  world. 

Ihe  acid  in  alum  is  not  faturated.    If  a  folution  of 
m  be  boiled  upon  clay,  a  confiderable  portion  of  the 
:er  will  unite  with  the  fait,  and  form  a  combination 
ich  is  much  lefs  foluble  than  the  alum  itfelf. 
With  calcareous  earth  the  vitriolic  acid  forms  gyp-  Vitrk>lic  aci3 
n,  or  plafter  of  Paris.  This  faline  fubftance  is  plen-  p.'  IOiJV 
illy  found  in  nature ;  and  is  known  by  different 
nes,  according  to  its  texture  and  external  appear- 
:e.    The  lapis  fpecularis  and  olabaflcr  are  of  this 
d.    It  requires  about  five  hundred  times  its  weight 
i  water  to  difTolve  it  at  the  temperature  of  6o°,  and 
K  for  that  reafon  been  reckoned  an  earth.    Its  chief 
I  has  been  already  adverted  to. 

With  ponderous  earth  the  vitriolic  acid  forms  the  —with  ponae- 

i  r  .it-  r°us  earth. 

iderous  lpar,  or  marmor  metalncum.  p  I0S: 

With  magnefia  it  forms  Epfom  fait,  which  has  a  —with  magne- 
:er  tafte.     This  is  foluble  in  its  own  weight  of1™'  p'  100 " 
:er,  at  the  temperature  of  6o°    and  by  evaporation 
3  recovered  in  cryftals,  which  are  difpofed  to  efflo- 
:e,  or  become  converted  into  a  dry  powder  by  expo- 
e  to  air. 

With  the  vegetable  alkali  this  acid  forms  a  fait  —with  vegetal 
imonly  called  vitriolated  tartar,  which  is  foluble  in  alkah' 
Jut  fixtecn  times  its  weight  of  water,  at  the  tempe- 
ure  of  6o°  j  and  from  which  it  may  again  be  recove- 
by  evaporation  in  the  form  of  permanent  cryftals. 

5  With 
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With  the  mineralor  marine  alkali,  the  vitriolic  aci<i 
forms  Glauber's  fait,  which  requires  only  three  times 
its  weight  of  water  to  diflblve  it  at  the  fame  temper; 
ture.  It  is  more  foluble  in  hot  than  cold  water;  a: 
may  therefore  be  feparated  from  a  hot  faturated  folu- 
tion,  either  by  cooling  or  by  evaporation.  Its  cryltal$, 
are  ufually  large  and  well  formed  ;  but  they  lofe  thei 
water  of  cryftallization,  which  amounts  to  near  h; 
their  weight,  by  expofure  to  the  air,  and  fall  into  an 
efflorefcence,  or  white  powden 

The  combination  of  the  vitriolic  acid  with  volatile 
alkali,  is  called  vitriolic  ammoniac.  It  is  foluble  itf 
twice  its  weight  of  cold  or  an  equal  weight  of  hot 
ter ;  and '  affords  cryftals  either  by  cooling  or  evapor 
tion,  which  are  permanent,  or  llightly  difpofed  to  attrad 
moifture  and  deliquefce.  Some  chemifts  aflert  that  it 
is  volatile,  and  others  affirm  the  contrary.  Upon 
examination,  it  would  probably  be  found  that  the  acid 
or  alkali,  or  both,  are  decompofed  by  heat. 

When  any  combuftible  fubftance  is  added  to 
concentrated  vitriolic  acid,  the  fluid  becomes  black; 
emits  white  vapours,  which  are.  of  an  exceedingly  pun 
gent  fulphureous  fmell ;  and,  if  received  over  mer 
cury,  are  found  to  confift  of  a  peculiar  aeriform  fluid 
which  is  not  condenfable  into  the  fluid  Hate  except  b; 
2  very  great  degree  of  cold  *.    It  is  foluble  in  waterj 
which  it  converts  into  volatile  vitriolic  acid,  of  exactly 
die  fame  nature  as  that  obtained  by  the  combuftion  ci 
fulphur.    Whence  it  follows,  that  the  fumes  of  full 
phur  confift  of  this  kind  of  air,  rendered  vifible 

w, Tills  was  effctted  by  M.  Monge.  Sec  Fourcfov's  Cliemlftn 
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moifture  it  meets  and  combines  with  in  the  atmo-  Vitriolic 
re-    Boiling  vitriolic  acid  acts  upon  moft  metals,  t  '  a 

affords  vitriolic. acid  air,  and  with  fome  of  them 
nur;  but  with  fuch  metals  as  it  can  act  upon 
n  confiderably  diluted,  it  affords  inflammable  air. 
i\\  this  acid  is  diftilled  from  metals  to  drynefs,  the 
r  product,  is  vital  air. 

he  fulphureous  or  volatile  vitriolic  acid  forms  faline  Sulphureous 

r  m  acid. 

binations  with  earths,  alkalis,  and  metals  ;  but  its 

-ction  to  thefe  bafes  is  much  lefs  than  that  of  the 

oik  acid.    Expofure  to  the  air  for  a  length  of 

changes  thefe  falts  into  common  vitriolic  falts, 

he  fame  manner,  doubtlefs,  as  it  changes  the  ful- 

.  reous  acid  into  the  common  vitriolic  acid. 

"itriolic  acid  air  is  heavier  than  common  air  ;  and,  Characters  of 

,  .  i      i  n  •    n   •  i  -1  vitriolic  acid  air. 

every  other  permanently  elaltic  fluid, ,  except  vital 
md  its  compounds,  it  extinguifhes  combuftion,  and 
roys  animal  life.    If  alkaline  air  be  mixed  with  it, 
airs  combine,  and  form  a  beautiful  white  cloud, 
!:h  becomes  ccndenfed,  and  is  found  to  be  vitriolic 
loniac  ;  at  the  fame  time  that  a  yellow  fubftance 
>arated,  which  feems  to  be  fulphur..  "Water  im- 
nated  with  this  air  may  be  frozen  without  parting 
i  it ;  and  if  fuch  impregnated  water  be  expofed  to 
for  many  davs  in  a  glafs  vefiel  hermetically  fealed 
t  is  to  fay,  clofed  by  melting  its  aperture  with  a 
v-pipe),  it  depofits  fulphur  *. 

irie  converfion  of  fulphur  into  the  vitriolic  acid,  Vitriolic  acid 
>  contrary-wife,  of  the  acid  into  fulphur,  being 
&s  of  great  importance  in  chemical  theory ;  it  be- 
ie  a  defirable  object  to  perform  the  latter,  in  order 
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vitriolic   to  confirm  fuch  reafoning  as  was  adopted  refpedingj 
the  former.    As  it  is  evident  that  fulphur  becomes  | 
vitriolic  acid  by  combuftion,  it  muft  follow  by  analogy,|< 
from  what  happens  in  the  revival  or  reduction  offi 
burned  metals,  or  metallic  calces,  that  fulphur  might! 
be  revived  from  vitriolic  acid,  by  expofing  it  to  hcatl 
with  fome  more  combuflible  fubftance.    A  difRcuihi 
however  prefented  itfelf  in  this  attempt,  which  wasl' 
that  the  vitriolic  acid,  being  rendered  volatile  by  the! 
addition  of  a  combuflible  body,  would  elude  the  at-j 
StaW's  experi-    tempt  to  expofe  it  to  a  considerable  heat.    This,  nJ 
tainlngf°fuiphur  doubt,  was  the  circumflance  that  directed  the  attenj 
from  vitriolic     tiQJi  cf  ^e  great  founder  of  the  theory  of  phlogiftolj 
(Stahl)  to  the  neutral  falts ;  in  which  the  acid  is  n<\ 
only  highly  concentrated,  but  combined  with  a  moij  i 
fixed  body,  namely,  the  alkali.    He  fufed  equal  pa 
of  fixed  alkali  and  vitriolated  tartar  in  a  crucible;  tj  i 
which  he  added  half  a  part  of  powdered  charcos»j 
This  mixture  being  well  ftirred  together,  and  heataH 
ftrongly  for  a  very  fhort  fpace  of  time,  was  poural 
out,  all  fparkling,  upon  a  fmooth  flone  previoufj  t 
greafed.    The  compound,  when  cooled,  was  found  I 
be  a  true  liver  of  fulphur ;  from  which,  after  foluti<r 
in  water,  and  precipitation  by  adding  an  acid,  the  firji 
phur  was  obtained. 
ELearicity.  When  the  electric  fpark  pafles  between  two  furfaa 

of  vitriolic  acid  confined  in  a  bended  glafs  tube,  the} 
is  a  production  of  vital  air. 
Recapitulation  Such  are  the  principal  facts  relating  to  fulphur  a| 
and  theory.  ^  vitriolic  tftid  ;  which,  when  confidered  with  a  vi* 
to  theoretical  arrangement,  are  found  to  be  more  i| 
mediately  connected  than  at  firft  view  they  may  fe 
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E>  be.    The  combuftion  of  fulphur  is  of  the  fame  vitriolic 
lture  as  every  other  combuftion.    Vital  air  is  ab-  t    acid.  ^ 
jrbed,  and  the  inflammable  principle  is  fuppofed  to  be  Theory, 
xtricated.    The  fulphur,  thus  deprived  of  its  phlo- 
ifton,  and  united  to  vital  air,  becomes  an  acid  ;  which 
;  not  completely  changed  until,  by  fubfequent  expo- 
ire  to  the  common  air,  it  has  imbibed  ftill  more  of 
le  vital  part,  and  the  remaining  phlogifton  has  been 
iflipated.    The  decompofition  of  pyrites  is  a  pheno-  Decompofitlon 
aenon  of  the  fame  kihd,  but  is  performed  more  gra- 
dually, and  of  courfe  with  the  accumulation  of  lefs 
teat.    The  fulphur  of  thefe  combinations  attracts  the 
ital  part  of  the  air  by  an  a&ion  which  is  fuppofed  to 
>e  increafed  by  the  ftrong  tendency  of  the  iron  to 
combine  with  the  acid  that  refults  from  the  union ; 
he  phlogifton  being  diflipated  for  the  fame  reafon. 
nftead,  therefore,  of  a  combination  of  iron  and  ful- 
ihur,  they  become  converted  into  vitriol,  in  which  an 
icid  is  found:  and  as  this  procefs  confifts  of  the  ab- 
sorption of  vital  air,  and  difengagement  of  phlogifton, 
t  is  a  true  combuftion ;  with  this  only  modification, 
hat  the  heat  is  feldom  extricated  fo  rapidly  as  to  pro- 
duce the  appearances  of  ignition  and  flame,  but  is 
:ondu£led  off  by  the  furrounding  bodies  nearly  as  faft 
-is  it  is  generated. 

In  the  diftillaticn  of  vitriolic  acid  from  vitriol  of  Black  vitriolic, 
iron,  the  acid  is  rendered  black  and  fulphureous  from 
the  iron,  which  was  not  completely  dephlogifticated 
ror  calcined  during  its  original  combination  with  the 
acid :  for  the  phlogifton  of  the  iron  is  fuppofed,  in 
this  diftillation,  to  unite  with  the  acid,  and  form 
fulphur-,  while  the  portion  of  the  vital  air  which  con- 

L  2  tributed 


148 


THEORETICAL  OBSERVATIONS 


vitriolic  tributed  to  convert  that  fulphur  into  acid,  unites  v.itk 
1    A^'P'   j  '^ie  calx,.and.is  afterwards  driven  off  towards  the  end 
Theory.      .of  the  proeefs.    A  cryftajline  or  concrete  form  of  the 
acid  is  fometimes  produced  by  its  holding  the  vitriolic 
acid  air  in  folution.    If  this  be  driven  off  by  heat,  the 
acid  will  be  pure.    Hence  it  is  clear  that  the  volatile 
vitriolic  acid  differs  in  fact  from  the  pure  vitriolic  acid, 
in  the  circumftance  that  it  holds  fulphur  in  folution. 
And  the  vitriolic  acid  air  is  the  fame  acid  with  ful- 
phur, but  with  much  lefs  water,  if  any. 
Klutuai  aftion  of     The  change  in  the  vitriolic  acid  produced  by  the 
and  combuftible  addition  of  a  combuflible  fubftance,  is  explained  with 
bodies'  equal  facility  •,  for  it  is  the  reverfe  of  the  inflammation 

of  fulphur.    The  pure  air  of  the  acid  is  abforbed 
the  combuflible  body     while  the  phlogifton  of  this 
laft  unites  with  the  bafe  of  the  fulphur,  and  forms 
fulphur.    This  fulphur  renders  the  acid  volatile  ;  and 
it  comes  over  in  the  aerial  form,  together  with  water. 
If  the  combuflible  body  be  of  fuch  a  nature  as  to  leave  | 
a  fixed  refidue,  to  which  the  laft  portions  of  acid  may 
unite  after  all  the  water  is  diflipated,  fulphur  will 
come  over  alone.    Or  if  all  the  fulphur  be  driven  off,  j 
either  with  the  water  or  after  it,  the  laft  product  will  j 
confift  of  the  vital  air  which  adhered  to  the  refidue, , 
or  fixed  calx  of  the  combuflible  body.    When  the  di-i 
luted  vitriolic  acid  a£ts  upon  a  metal,  and  difengages  j 
inflammable  air,  the  acid  unites  entirely,  and  withontlj 
decompofition,  to  the  calx,  and  the  phlogifton  flies  ofi| 
in  the  aerial  form. 
Liver  of  fulphur     An  explanation  nearly  fimilar  may  be  applied  to  the) 
[X.vitri°latei  formation  of  liver  of  fulphur,  when  vitriolatcd  tartar 
is  fufed  with  an  alkali"  and  charcoal.  Vitriolatcd  tartar,) 
1  o  eon-j 
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onfifling  of  vegetable  alkali  united  to  vitriolic  acid,  vitriolic 

:  decompofed  by  charcoal.  This  uniting  with  the  vital  v  A  j 

r  of  the  acid,  at  the  fame  time  that  it  communicates  Theory, 
s  phlogifton  to  the  bafe,  converts  the  acid  into  ful- 
hur:  the  additional  alkali  ferves  only  to  affift  the  fu- 
>0n  of  the  original  mafs,  and  to  prevent  the  diffipation 
f  the  fulphur  by  combining  with  it. 

Thus  far  we  have  admitted  the  inflammable  princi-  Antiphlogiftic 

...  theory. 

•  le  in  our  explanation  ;  and  it  muft  be  admitted,  it  it 
an  be  {hewn  that  fulphur  contains  it.  We  mull 
onfefs  however  that  this  has  not  been  proved  •,  and 
hat  inflammable  air  has  never  been  obtained  diredly 
rom  fulphur,  except  a  fmall  quantity,  by  palling  (team 
>f  water  over  it  when  heated  in  an  earthen  tube  *  *,  in 

Vhich  cafe  the  original  doubt  prefents  itfelf,  whe-     Page  95. 
her  the  air  come  from  the  fulphur  or  the  water.  The 
nodern  theory,  which  rejects  phlogifton,  accounts  for 

the  preceding  facts  Amply  by  the  abforption  or  extri- 

■  ation  of  vital  air.  Sulphur  is  taken  to  be  a  fimple 
1  abftance.    The  combuftion  of  fulphur  confifts  of  the 

■  apid  combination  of  that  fubftance  with  vital  air ; 
vhich,  at  the  fame  time,  gives  out  its  heat  as  its  capa- 

|  ity  is  diminifhed.  A  fmaller  proportion  of  vital  air, 
vith  the  fulphur,  compofes  the  volatile  vitriolic  acid, 
I  vhether  in  the  aerial  form,  or  mixed  with  water :  a 
i  arger  dofe  forms  the  complete  vitriolic  acid,  if  a 
j  :ombuftible  body  be  added  to  vitriolic  acid,  this  body 
I  Jecomes  burned,  or  calcined,  by  uniting  with  part  of 
:he  vital  air  of  the  acid  ;  the  remainder  confequently 
pas  an  over-proportion  of  fulphur,  and  therefore  be- 
comes volatile.    If  the  abforption  of  pure  air  be  fuf- 
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vitriolic  nciently  copious,  the  acid  is  reftored  to  its  former  flatc,i 
.     AC1P'  j  an^  becomes  fulphur  again.    When  the  combuftible  f 
Tiicpry.      body  is  metallic,  the  pure  air  may,  in  fome  cafes,  be  I 
driven  out  by  heat  from  the  refidue.  And  laftly,  when) 
inflammable  air  is  obtained  by  the  folution  of  metals) 
in  the  diluted  acids,  it  is  taken  for  granted  that  it  arif< 
from  the  decompofition  of  the  water,  whofe  vital  air 
uniting  with  the  metal,  confidered  as  a  principal  fu 
fiance,  calcines  it ;  while  the  inflammable  part  flie. 
off,  and  the  acid  does  nothing  more  than  diflblve  th< 
calx,  and  by  that  action  facilitates  its  formation. 
Detonation  of       The  detonation  of  hepatic  with  vital  air  may  h 
hepatic  air.       rpadjly  explained  on  either  hypothecs ;  whether  it  b 
fuppofed  to  confifl  chiefly,  if  not  entirely,  in  the  com 
buflion  of  the  fulphur,  which  rauft  by  that  mean 
be  fuddenly  converted  into  vitriolic  acid  air ;  or  fimpl 
pf  the  inflammable  air,  while  the  fulphur  is  depofited 
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CHAP.  II. 

j  THE  NITROUS  ACID,  ITS  COMPONENT  PARTS,  AND 
COMBINATIONS. 

rHE  nitrous  acid  is  obtained  from  the  fait  called  nitrous 
nitre  or  faltpetre,  which  confifts  of  the  acid  it-  v  *  , 

°lf  united  to  the  vegetable  alkali.    rfhisfalt  is  never  Production  of 
ound  in  conuderable  quantities  in  nature,  but  is 
evidently  produced  by  a  concurrence  of  circumftances. 
The  nitrous  acid  appears  to  be  produced  in  all  fitua- 
ions  where  animal  matters   are  completely  decom- 
lofed,  with  accefs  of  air,  and  of  proper  fubftances  with 
.vhich  it  can  readily  combine.    Grounds  frequently 
rodden  by  cattle,  and  impregnated  with  their  excrc- 
nents  ;  or  the  walls  of  inhabited  places  where  putrid 
mimal  vapours  abound,  fuch  as  llaughter-houfes,  drains, 
%i  the  like,  afford  nitre  by  long  expofure  to  the  air. 
Artificial  nitre  beds  are  made  by  an  attention  to  the  Nitre  beds, 
circumftances  in  which  this  fait  is  produced  by  nature. 
Dry  ditches  are  dug,  and  covered  with  {beds,  open  at 
:he  fides,  to  keep  off  the  rain :  thefe  are  filled  with 
animal  fubftances — fuch  as  dung,  or  other  excrements, 
with  the  remains  of  vegetables;  and  old  mortar,  or  other 
loofe  calcareous  eartri,  this  fubftance  being  found  to 
be  the  bed  and  moft  convenient  receptacle  for  the  acid 
to  combine  with.    Occafional  watering,  and  turning 
up  from  time  to  time,  are  neceffary  to  accelerate 
-the  procefs,  and  increafe  the  furfaces  to  which  the  air 
may  apply.    After  a  fucceflion  of  many  months,  more 
£T  lefs,  according  to  the  management  of  the  operation, 
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nitre  is  found  in  the  mafs.  If  the  beds  contained  muchl 
vegetable  matter,  a  conuderable  portion  of  the  nitroujj 
fait  will  be  common  faltpetre ;  but,  if  otherwise,  th 
acid  will,  for  the  moft  part,  be  combined  with  th/ 
calcareous  earth, 
r.xtraftionof       To  extract  the  faltpetre  from  the  mafs  of  earth' 
matter,  a  number  of  large  caiks  are  prepared,  with 
coclc  at  the  bottom  of  each,  and  a  quantity  of  ftra 
within,  to  prevent  its  being  flopped  up.    In  thefe  th 
matter  is  put,  together  with  wood-afhes,  either  ftrewe 
at  top,  or  added  during  the  filling.    Boiling  water 
then  poured  on,  and  fuffered  to  (land  for  fome  time 
after  which  it  is  drawn  off,  and  other  water  added  i 
the  fame  manner,  as  long  as  any  faline  matter  can  bj* 
thus  extracted.    The  weak  brine  is  heated,  and  paflj 
.  through  other  tubs,  until  it  becomes  of  confiderab 
ftrength.    It  is  then  carried  to  the  boiler,  and  contai 
nitre  and  other  falts ;  the  chief  of  which  is  comm< 
culinary  fait,  or  the  marine  acid  united  to  the  miner; 
alkali,  or  fometimes  to  magnefia.  It  is  the  property 
nitre  to  be  much  more- foluble  in  hot  than  cold  w; 
but  common  fait  is  foluble  very  nearly  as  much  in 
as  in  hot  water.  Whenever,  therefore,  the  evapor 
is  carried  by  boiling  to  a  certain  point,  much  of  t 
common  fait  will  fall  to  the  bottom,  for  want  of 
to  hold  it  in  folution,  though  the  nitre  will  remain  ft 
pended  by  virtue  of  the  heat.    The  common  fait  th 
feparated  is  taken  out  with  a  perforated  ladle ;  and 
fmall  quantity  of  the  fluid  is  cooled,  from  time  to  t 
that  its  concentration  may  be  known  by  the  nh 
which  cryflallizes  in  it.    When  the  fluid  is  fuilicie 
ly  evaporated,  it  is  taken  out  and  cooled,  and  gro 
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irt  of  the  nitre  feparates  in  cryftals  ;  wliile  the  re-  nitrous 
aining  common  fait  continues   diflblved,  becaufe  ^    acid.  j 
ually  foluble  in  cold  as  in  hot  water.  Subfequent 
aporation  of  the  refidue  will  feparate  more  nitre  in 
.e  fame  manner. 

This  nitre,  which  is  called  nitre  of  the  firft  boiling,  purification  of 

aitains  fome  common  fait ;  from  which  it  may  be  m  ie* 

irified  by  folution  in  a  fmall  quantity  of  water,  and 

bfequent  evaporation  :  for  the  cryftals  thus  obtained 

•e  much  lefs  contaminated  with  common  fait  than 

;fore    becaufe  the  proportion  of  water  is  fo  much 

rger,  with  refpe£t.  to  the  fmall  quantity  contained  by 

ie  nitre,  that  very  little  of  it  will  cryftallize.  For 

ice  purpofes,  the  folution- and  cryftallization  of  nitre 

■e  repeated  four  times.    The  cryftals  of  nitre  are 

fually  of  a  prifmatic  form. 

If  nitre  be  expofed  to  a  ftrong  heat,  it  melts,  and  Decompofition 
jcomes  red  hot ;  and  the  volatile  product  is  found  to  °f  °Ure  byheat* 
)nfift  of  fuming  nitrous  acid,  a  large  quantity  of 
tal  air,  and  fome  phlogifticated  air;  the  alkali  remain- 
:ig  behind,  fomewhat  altered  by  a  portion  of  the  earth 
f  the  retort  which  it  has  diflblved.  Molt  other  nitrous 
:  ilts  give  out  vital  air  by  the  fame  treatment.  The 
xtreme  difficulty  of  afcertaining  the  weights  of  aerial 
roducts,  and  of  the  fixed  refidues,  renders  it  an  em- 
arrafling  taflc  to  (hew  by  real  experiment  what  hap- 
'ens  in  this  operation  among  the  principles  of  nitre. 

When  a  combuftible  body  and  nitre  are  brought  Deflagration  of 
nto  contact,  either  of  them  being  previoufly  heated 
ed  hot,  the  body  is  burned  with  great  rapidity,  no 
toubt  by  the  vital  air  which  the  nitre  affords  by  the 
teat  i  for  the  experiment  fucceeds  in  vacuo,  and  alfo 

when 


nitre. 
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when  the  bodies  are  furrounded  by  any  aerial  fluid! 
incapable  of  maintaining  combuflion.     This  rapid! 
combuftion,  effected  by  means  of  nitre,  is  called  defla-|J 
gration,  when  it  is  performed  by  a  fucceffive  burningfj 
of  the  parts  of  the  body ;  or  detonation,  when  the  com4y 
bullion  of  the  whole  is  performed  in  fo  Ihort  a  timai 
as  to  appear  inftantaneous.    In  this  experiment  it  m 
remarkable  that  the  combuftion  is  maintained  by  vital 
air  which  is  not  in  the  elaftic  ftate,  but  fixed  in  th<M 
nitre.    Whence  it  mould  follow,  that  either  the  vitafc 
air,  or  the  combuftible  body,  even  in  the  fixed  flat 
has  a  great  capacity  for  heat,  of  which  it  mull  contain 
large  quantity,  on  the  hypothefis  of  heat  being  matteij 
Or,  if  heat  be  a  mere  commotion,  it  will  follow,  tha 
though  the  quantity  of  agitation  produced  by  the  fuc 
den  coalition  of  particles,  in  the  a£t  of  converting  a 
elaftic  fluid  into  a  denfe  body,  be  fuch  as  to  produce 
great  efFedl  in  increafing  the  temperature ;  vet 
quantity  is  ft  ill  fo  confiderable,  when  vital  air  anj 
combuftible  matter  unite  even  in  their  denfe  ftate,  sj, 
to  caufe  the  moil  intenfe  degree  of  ignition. 

This  property  of  nitre  has  been  applied  to  the  prq 
du£Uon  of  a  fubftance  which  has  greatly .  a ffe£ted 
habits  of  human  fociety,  particularly  in  thofe  wa| 
which  unfortunately  their  vices  too  often  product  I 
The  invention  of  gunpowder  has  totally  changed 
military  fyftem  of  nations  j  and  has  probably  fuppreffq 
much  of  that  malice  and  inveterate  rancour  whic 
actuate  the  minds  of  combatants  who  meet  hand 
hand,  inftead  of  managing  the  inftruments  of  indifcij 
minate  (laughter  at  a  diftance.    This  deftru&ive  po\|  j 
<ler  is  compofed  of  feventy-five  parts  by  weight 
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|  re,  fix-teen  of  charcoal,  and  nine  of  fulphur,  inti-  nitrous 

tely  blended  together  by  long  pounding  in  wooden  t    a^ip.  ^ 
|  rtars,  with  a  fmall  quantity  of  water.    This  pro-  Compofnion  of 
I  tion  of  the  materials  is  the  moft  effectual ;  but  the  8unPowder- 
j  cumftance  on  which  its  effect  more  particularly  de- 

nds  is,  the  accurate  mixture  of  the  parts.  Gunpow- 
.  •  Is  granulated  by  making  the  mafs  into  a  ftiff  pafte, 

i  agitating  it  upon  a  wire  neve,  which  cuts  it  into 
;  all  parts;  and  thefe  being  fhaken,  or  rolled  in  a 
I  rrel,  take  a  rounded  form  by  their  mutual  friction 
!  ainft  each  other.  When  any  grain  of  a  heap  of 
i1  npowder  is  fet  on  fire,  the  detonation  begins,  and 
I  propagated  with  amazing  rapidity  through  the  in- 
r-ftices  of  the  grains  j  a  large  quantity  of  permanently 
i.iftic  fluid,  confirming  of  one-third  fixed  air,  and  the 
;  it  phlogifticated  air  *,  being  at  the  fame  time  pro- 
Lced.  The  expanfion  of  the  elaftic  products  is  the 
'uie  of  the  well-known  effects  of  gunpowder.  It  is 
.  d  that  gunpowder  is  much  weaker  for  being  granu- 
■  ed.    If  the  grains  be  pulverized,  it  is  certain  that 

i  effect  is  much  lefs,  on  account  of  the  inflammation 
.  ing  propagated  more  flowly ;  but  the  afTertion  may 

v.rthelefs  be  true  of  powder  which  is  newly  made, 
:.  d  has  never  been  grained.    Gunpowder  which  has 

en  fuffered  to  become  damp,  fcarcely  ever  recovers 
5  former  force  ;  moft  probably  becaufe  the  nitre,  by 
partial  folution,  becomes  feparated  from  the  mafs  in 
'.ore  diftinct  faline  cryftals  than  before  ;  and  the 
-etting,  which  is  ncceflary  to  the  proccfs  of  granu- 
iting,  may  weaken  the  powder  in  the  fame  way, 

'  Btrthollct,  in  the  Mem,  Acad.  Tar.  178!,  page  2  ji.  \ 

When 
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When  three  parts  by  weight  of  nitre,  two  of  mil 
vegetable  alkali,  and  one  of  flowers  of  fulphur,  at 
rubbed  together  in  a  warm  mortar,  they  compofel 
powder*  known  by  the  name  of  fulminating  powd 
The  effects  of  this  powder,  when  fufed  in  a  ladle, 
then  fet  on  fire,  are  aftonifhing.    The  whole  of 
melted  fluid  explodes  with  an  intolerable  noife ; 
the  ladle  is  commonly  disfigured,  as  if  it  had  reccr 
a  ftrong  concuffion  downwards.    A  drachm  of  ' 
powder  makes  a  report  as  loud  as  a  cannon;' 
the  noife  of  a  few  grains  is  fufliciently  unpleafant " 
room.    It  has  very  little  effect,  unlefs  firft  me 
A  mixture  of  liver  of  fulphur  with  twice  its  wei 
of  nitre,  produces  the  fame  explofion,  though  in 
time  ;  whence  it  appears  that  the  alkali  and  fulp 
of  the  former  preparation  form  a  liver  of  fulphur ; 
that  the  explofion,  in  all  probability,  arifes  from 
fudden  extrication  of  hepatic  air  from  the  liver 
fulphur,  and  vital  air  from  the  nitre,  which  burn 
inllant  they 'are  formed. 

If  clay,  bole,  or  alum,  be  mixed  with  nitre,  and 
pofed  to  diftillation,  the  nitr-e  is  decompofed,  and 
acid  comes  over ;  the  attraction  between  itfelf  and 
alkali  being  weakened,  partly  by  the  attraction 
the  vitriolic  acid  ufually  contained  in  thofe  br1 
has  for  its  alkali,  and  partly  by  the  attraction  e. 
between  the  fame  alkali  and  the  filiceous  earth  of 
clay.    If  ftrong  vitriolic  acid  be  added  to  nitre  ii 
retort,  the  fame  decompofition  takes  place  with 
application  of  much  lefs  heat,  by  virtue  of  the  fuj 
rior  attra&ion  of  the  aci4  of  vitriol  to  the  alkali 
bale, 
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Citrous  acid  is  ufually  yellow,  and  emits  fuffocating.  nitrous 
tea  of  the  lame  colour ;  but  it  may  be  rendered 
B  and  colourlefs  by  a  flight  boiling  in  a  retort. 
ia  fortis  is  a  weak  fpirit  of  nitre,  and  not  remark- 
r  pure.  It  ufually  contains  fome  marine  acid, 
lie  afiayers  purify  their  nitrous  acid  by  adding  a 
.11  portion  of  the  nitrous  folution  of  filver.  This 
al  unites  with  the  marine  acid  it  may  contain,  and 
i  down  in  the  form  of  an  infoluble  compound, 
e  mull  be  taken  to  avoid  adding  too  much. 
This  acid,  in  combination  with  calcareous  earth,  Nitrous  acids 

with  liaie: 

ms  a  fait  whofe  cryftals  deliquelce  by  expolure  to 
air.  It  is  foluble  in  twice  its  weight  of  cold,  or 
own  weight  of  boiling  water.    With  ponderous  —with  ponde- 

•  .  ...  r.  ,    «ous  earth;  mag.- 

th,  it  forms  a  fait  of  difficult  folubility.    With  nefii : 

gnefia  it  forms  an  acrid  bitter  fait,  which  is  very 

ible  in  water,  and  deliquefcent  in  the  air.    With  — and  clay: 

i  it  forms  an  auftere  fait  of  difficult  folution.  None 

thefe  have  yet  been  applied  to  any  ufe. 

With  the  mineral  alkali  this  acid .  forms  a  fait  —with  mine/ ii 
ed  quadrangular  nitre,  from  the  ufual  form  of  its  al  ah* 
ftals.  About  three  times  its  weight  of  water  is 
uired  to  hold  it  in  folution  in  a  mean  temperature, 
I  it  is  fcarceiy  more  foluble  in  hot  water.  Its 
erties  Tefernjjie  thofe  of  •  common  nitre;  but  it  is 
i  fit  for  making  gunpowder,  becaufe  it  attracts  the 
midity  of  the  air.    -..         ■    ...  .  . 

The  nitrous  acid,  in  combination  with  the  volatile  —with  volatile 

y    r  •  ■  :  '  .  alkali. 

an,  iorms  nitrous  ammoniac ;  a  fait  which  ilightly 
rafts  the  humidity  of  the  air,  and  is  foluble  in  lefs 
an  its  own  weight  of  water.  If  this  fait  be  expofed 
heat  in  ciofed  veffels,  it  fuddenly  explodes  ;  part  of 

the 
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the  acid  and  alkali  is  deftroyed ;  and  the  aerial  Dto4' 
duct  is  phlogifticated  air. 

If  a  mixture  of  two  parts  by  meafure  of  vital  airw 
obtained  without  the  ufe  of  nitrous  acid,  and  one  of  I 
phlogifticated  air— or,  which  is  the  fame  thing,  fiv^| 
parts  of  vital,  and  four  of  common  air — be  expofecj* 
to  the  action  of  the  electric  fpark  in  the  upper  pajtf 
of  a  fyphon,  in  which  it  may  be  confined  by  mercury I* 
and  a  fmall  quantity  of  foap  lees,  or  folution  of  purfr 
vegetable  alkali,  be  admitted  into  the  cavity  whicl' 
contains  the  air;  an  abforption  will  take  place,  an) 
Nitrous  acid  pro-  nitrous  acid  will  be  produced,  as  appears  by  the  allow 

duced :  by  Mr.  .    .  .   .  .  .  _  „ 

Cavendifli  :       being  converted  into  true  nitre.    I  his  is  a  ilowopl' 
ration,  and  requires  the  quantity  of  air  in  the  tt 
phon  to  be  renewed  very  often,  to  fupply  the  abforj 
tion  *.    It  has  likewife  been  found  that  this  acid  I 
produced  by  expofing  vital  air  for  a  long  time  to  tl 

—by  M.  Thou-  exhalations  of  putrifying  animal  fubftances,  togethl 
with  calcareous  earth,  or  any  other  proper  bafc  I 
receive  and  combine  with  itf.  There  can  be  Iitv 
doubt  but  the  putrid  exhalations  confided  chiefly  I 
phlogifticated  air.  It  appears  therefore  that  this  fin 
ftance  bears  the  fame  relation  to  the  nitrous  acid  I 

inference.  fulphur  does  to  the  vitriolic.  As  fulphur  by  combu 
tion,  in  which  vital  air  is  an  indifpenfable  requifif 
becomes  converted  into  vitriolic  acid;'fo  phlogifticat| 
air  becomes  converted  into  nitrous  acid  j  though,  J 

For  the  detail  of  .the  particulars  of  this  moft  curious  exj 
rimcr.t,  confult  Mr.  Cavendifli's  papers,  in  the  Phil,  Tra 
Vol.  LXXV.  p.  372  ;  and  V01.  LXXVUI.  p.  255. 

f  This  is  the  difcovery  of  M.  Thouvenel.    See  his  ? 
DilTertation  on  the  Formation  of  Nhrc. 

/  acco 


NITROUS 
ACID. 


Produftion  of 
nitrous  acid. 


NITROUS  AIR.  Ij9 

count  of  its  being  left  combuftible,  the  red  heat  nitrous 


ACID. 


Li 


nnot  be  produced  and  kept  up  without  the  co-opeva- 
ri  of  electricity :  and  as  fulphur,  when  in  contact 
ch  the  pure  air  of  the  atmofphere,  and  with  a  bafe 
opcr  for  combining  with  the  vitriolic  acid,  is  con- 
rted  into  that  acid  by  a  flow  combuftion  in  the 
rites ;  fo  the  like  expofure  of  phlogifticated  air,  in 
ntacl  with  calcareous  earth,  to  vital  air,  produces 
trous  acid,  though  much  more  iiowly,  becaufe  the 
:fe  is  lefs  combuftible. 
The  nitrous  acid  a&s  with  peculiar  energy  on  com-  Nitrous  acid  w^tk 

...  .  ,  combuftible 

iftible  fubftances,  which  it  burns  or  calcines  •,  and  matwr. 
iring  moll  of  thefe  proceffes  a  peculiar  kind  of  air 
es  off,  which  is  called  nitrous  air.    It  is  produced 
j  the  folution  of  many  of  the  metals,  by  moft  vege- 
ble,  and  fome  animal  fubftances.    This  aerial  fluid  Nitrous  air, 
not  rapidly  imbibed  by  water,  and  may  therefore 
>r  temporary  ufe  be  received  over  it.  It  is  not  heavier 
i  tan  common  air;  and  poiTeffes  the  remarkable  pro- 
erty  of  fuddenly  uniting  with  vital  air,  with  which 
forms  nitrous  acid.    The  mixture  of  thefe  two 
:\nds  of  air  forms  a'red  cloud,  which  is  imbibed  by 
oe  water,  and  renders  it  acid,  if  the  experiment  be 
lerformed  over  that  fluid ;  and,  from  examination  of 
fiis  acid  water,  it  is  proved  that  the  cloud  is  the  ni- 
rous  acid  itfelf.   From  this  circumftance  Dr.  Prieftley  Dr  Prieftley's 
nftituted  a  method  of  determining  the  purity  or  re-  ™rtaining  the 
pirability  of  the  air  of  the  atmofphere,  or  arflp  other  r«fPiraWlity o£ 
•permanently  elaftic  fluid.    He  found,  by  a  variety  of 
experiments,  that  when  nitrous  air  and  any  other  air 
are  mixed,  they  undergo  no  change,  if  the  latter  be  to- 
tally unfit  to  fupport  combuftion  or  animal  life  ;  but,  if 

the. 
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nitrous  the  contrary,  the  red  cloud  is  formed ;  and  the  w 
v  ^IP'  j  bulk  of  the  mixture  is  diminifhed  a  quantity  whi 
is  fo  much  the  greater,  accordingly  as  the  air  in 
queftion  is  of  a  quality  more  fuited  to  thofe  purpofes. 
This  diminution  he  likewife  proved  to  confift  of  a 
proportional  part  of  the  air  which  is  tried,  together 
with  as  much  of  the  nitrous  air  as  is  required  to  pro. 
duce  the  effecl: ;  fo  that,  if  the  nitrous  air  be  duly  pro* 
portioned  to  the  efFe£l,  it  will  wholly  difappear. 
Imperfe£Hons  of    The 'trial  of  the  purity  of  common  air  by  means  of 

the  trial  of  air  by  •.  .  '  .  " 

•itrous  air.  nitrous  air,  has  not  however  been  found  to  exhibit 
fuch  remarkable  differences  between  the  air  taken  up 
at  various  places  as  their  known  falubrity  or  un- 
healthinefs  might  have  given  reafon  to  expect.  Two 
reafons  may  be  offered  to  account  for  this.  The  firft 
is,  that  a  fmall  difference  in  the  purity  of  the  ail 
of  a  place  may  have  a  very  confiderable  effecl:  on  the 
health  of  thofe  who  are  obliged  to  breathe  it  for  a 
long  fucceffion  of  time  :  the  fecond  is,  that,  the  effedsjf 
of  nitrous  air  being  the  fame  upon  elaflic  fluids  whic 
contain  equal  proportions  of  vital  air,  however  great 
their  other  component  parts  may  differ  in  their  pi 
perties,  it  will  only  be  fhewn  that  the  airs  are  eqi 
falubrious,  as  far  as  depends  on  their  proportion 
vital  air,  though  they  may  by  no  means  be  fo  wit 
regard  to  their  noxious  parts. 

Eudiometers.        There  are  feveral  ingenious  contrivances,  called  cu-i 
diometers,  for  tjie  mixing  of  nitrous  and  other  air* 
and  meafuring  their  diminution.    As  thefe  howevea 
are  not  eafily  procured,  and  more  efpecially  as  JDrl 
Prieflley,  whofe  experience  is  greater  than  that  of  an)j 
other  philofopher,  ufe§  a  fimple  tube,  it  does  not  feenl  | 
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;ceflary  to  defcribe  them  here.   The  doctor's  method  nitrous 

r  ACID. 

as  follows  :  ,  , 

He  firft:  provides  *  a  phial  containing  about  an  ounce 
water,  which  he  calls  the  air  meafure.  This  he 
Is  with  air,  by  having  firft  filled  it  with  water,  and 
aced  it  over  the  opening  of  the  funnel,  in  his  fhelf 
g.  15);  and  when  it  is  filled,  he  Aides  it  along  the 
:lf,  always  obferving  that  there  be  a  little  more  air 
:a\  is  wanted.    The  phial  being  thus  exactly  filled  Dr.  Prieftley's 

..      ..  .  -  ,  ,,  .      method  of  af- 

Xh  the  air  he  is  about  to  examine,  and  care  being  Certaining  the 
ken  that  it  be  not  warmed  by  holding  in  the  hand,  punty  of  air* 
:  empties  it  into  a  jar  of  about  an  inch  and  a  half 
diameter  \  and  then  introduces  to  it  the  fame  mea- 
re  of  nitrous  air,  and  lets  them  continue  together 
out  two  minutes.  The  Doftor  choofes  to  have  an 
erplus  of  nitrous  air,  that  he  may  be  fure  that  its 
eel:  may  be  the  Utmoft  poffible.  If  he  finds  the 
ninution  of  thefe  two  meafures  to  be  very  confide* 
}Je,  he  introduces  another  meafure  of  nitrous  air ; 
t  the  pureft  vital  air  will  not,  he  believes,  require 
t)re  than  two  meafures  of  nitrous  air. 
Sometimes  he  leaves  the  common  and  nitrous  air 
the  jar  all  night,  or  a  whole  day ;  but  he  always 
ces  care,  whenever  he  compares  two  kinds  of  air, 
it  both  {hall  remain  the  fame  length  of  time  in  the 
flels,  before  he  notes  the  degree  of  diminution. 
"When  the  preceding  part  of  the  procefs  is  over,  he 
insfers  the  air  into  a  glafs  tube,  about  three  feet  long, 
id  one  third  of  an  inch  wide,  carefully  graduated  ac- 
•rding  to  the  air  meafure,  and  divided  into  tenth  and 

*  Pricftley,  IV.  p.  30. 1  give  the  account  nearly  in  his  words. 

M  hull- 
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nitrous  hundredth  parts ;  fo  that  one  of  the  hundredth  parts 
t  AC  IP'  will  be  about  a  fixth  or  an  eighth  of  an  inch.  Then 
immcrfing  the  tube  in  a  trough  of  water,  fo  that  the 
water  in  the  infide  of  the  tube  fhall  be  on  a  level  with 
the  water  on  the  outfide,  he  obferves  the  fpace  occu- 
pied by  the  aerial  mixture  ;  and  exprefles  the  refult  ii 
meafures  and  decimal  parts  of  a  meafure,  according  fa 
the  graduation  of  the  tube. 

It  is  fome  trouble  to  graduate  a  tube  in  this  mannsr 
Eudiometer      but  when  it  is  once  done,  the  application  of  it  is 
tremely  eafy.    As  it  feldom  happens  that  a  glafs 
is  of  an  equal  diameter  throughout,  the  Doctor  ge 
rally  fills  that  part  of  the  tube  which  contains  o: 
.  meafure  with  quickfilver  5  and  then  weighing  it  a 
dividing  it  into  ten  parts,  he  puts  them  in  feparatel 
in  order  to  mark  the  primary  divifions.    The  weig! 
ing  is  rendered  very  eafy  by  the  help  of  a  glafs  tu 
drawn  to  a  fine  orifice,  which  ferves  to  take  up 
fmall  quantity  at  a  time,  as  may  be  required  in  maki 
the  adjullment. 

Page  92.  It  has  been  already  obferved  that  common  air  lofij 
about  one  fourth  of  its  bulk  by  any  procefs  equivaletj 
to  combuftion.  'This  alio  happens  when  it  is  mixfl 
with  nitrous  air. 

Aftion  of  nitrous  When  the  nitrous  acid  acts  upon  the  flefh,  or  otfal 
fubihnces.imal  parts  of  animal  fubftances,  the  elaftic  fluid  whici  I 
firft  and  molt  plentifully  difengaged  is  phlogifticatf 
air.  In  this  experiment  the  phlogifticated  air  fnl 
come  from  the  animal  fubftance,  or  the  acid,  or  botii, 
fince  both  contain  it.  It  appears  however  to  be  mu| 
more  probable  that  the  whole  comes  from  the  aninj 
fubftances ;  for  it  is  afforded  by  the  application  of 
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ak  nitrous  acid,  at  fo  low  a  temperature  as  650  nitrous 

both  which  circumftances  do  not  appear  to  v  ACID*  1 

a  decompofition  of  the  acid.    The  nitrous 
r  its  action,  faturates  as  large  a  quantity  of 
before  *.    The  quantity  of  phlogifticated  air 
oportion  to  the  quantity  of  volatile  alkali 
e  animal  fubftance  made  ufe  of  affords  by. 
n  :  and  it  is  known  that  the  quantity  of  phlo-    Page  124, 
.  air  contained  in  any  animal  fubftance  muft 
s  proportion.    And,  laftly,  at  a  greater  heat, 
phlogifticated  air  has  come  over,  there  is  a 
ment  of  nitrous  air,  which  indicates  a  lefs 
.  decompofition  of  the  acid  than  that  which 
ve  afforded  phlogifticated  air  :  and  it  is  not 
t  with  other  chemical  facts,  that  the  complete 
ition  of  the  acid  mould  happen  at  a  lower 
the  partial  decompofition  which  fucceeds  it. 
will  imbibe  about  one  tenth  of  its  bulk  of  Various  fluids 
. -,  which,  if  immediately  expelled  by  heat,  is  a™^*  mtrous 
:  to  be  changed  in  its  properties.    The  re- 
rhich  is  not  imbibed  is  phlogifticated  air. 
)lic  acid  abforbs  nitrous  air,  and  aflumes  a 
lour.    The  marine  acid  imbibes  it,  and  be- 
l.ie.    Ether,  alkaline  liquors,  and  fpirit  of 
abforb  it. 

metric  fpark  diminifhes  nitrous  air  about  one  Diminution  of 

nitrous  air  by 

r   11  f.  ~  electricity,  &c. 

Jantity  of  alkali  faturated  by  any  acid  being  different 

0  the  ftate  of  the  acid,  with  regard  to  what  is  called 
on,  this  proof  cannot  be  admitted  as  abfolutely  con- 
efs  the  fame  quantity  of  true  nitre  be  formed  in  both 
I  >  not  find  whether  this  has  or  has  not  been  done. 
I  de  Chimie,  I.  42. 
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nitrous  half,  and  converts  it  into  phlogifticated  air,  at  the  i 
time  that  acid  is  depofited.  Iron  filings  and  \ 
{lone,  liver  of  fulphur,  or  iron  alone,  being  expof 
nitrous  air,  diminifh  it,  and  convert  it  into  pfl 
cated  air.  But  the  molt  lingular  circum 
thefe  procefles  is,  that,  though  they  are  of  the 
45f  combuftion,  and  do  in  the  end  render  air 
unfit  for  maintaining  it,  yet,  at  a  certain  peri 
this,  the  air  is  put  into  a  ftate  in  which  a  can 
Dephlogifticated  in  it  better  than  in  common  air,  though  it 
nitrous  air.  perfeftly  deftruaive  of  animal  life.  Dr. 

calls  this  dephlogifticated  nitrous  air. 
Abforption  of        If  nitrous  acid  be  expofed  to  nitrous  air,  th| 

nitrous  air  by  the  .  .  ,     ,  , 

nitrous  acid.      is  abforbed  in  large  quantities;  and  the  colourj 

acid  changes  firft  at  the  furface,  and  gradually 

the  whole  of  the  liquid  :  the  fucceffions  of  coif 

firft  yellow,  then  deep  orange,  next  green,  ag 

blue,  according  to  the  quantities  of  nitrous  air  al 

This  abforption  renders  the  acid  much  more 

Hence  it  appears  that  the  various  colours  of| 

acid  are  owing  to  its  having  abforbed  nitnj 

which  continually  efcaping,  and  combining  m 

vital  air  of  the  atmofphere,  forms  the  yellow o« 

fumes  it  ufually  emits  when  in  an  open  veiTell 

Palenitrousacid,     The  pale  or  dephlogifticated  nitrous  ackl 
becomes  yellow :      -  ,  _     «        r>.          -  . 

poled  to  the  action  of  light,  gives  out  purej 

itfelf  becomes  yellow  and  fuming.  Heat  alfoj 
—  is  capable  of  the  fame  effect.  The  nitrous  acid  itfelf  appj 
the  elaitic  form.  capakje  0f  fubfifting  in  the  aerial  form,  tad 

power  of  combining  with  water,  mercuryj 
other  fluid  ufed  for  confining  it,  prevents  cx| 
from  being  made  upon  it  with  the  fame 
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ther  kinds  of  air.    Water  impregnated  with  nitrous 
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or  vapour  becomes  fuccefiively  blue,  green,  and 
/ellow,  when  it  has  received  an  increafe  of  one 
f  its  bulk.  This  water  emits  a  great  quantity 
ous  air,  and  does  not  feem  to  differ  eflentially 
ure  nitrous  acid  which  has  imbibed  nitrous  air. 
I  of  the  earlieft  known  facts  of  fpontaneous  in-  Inflammation  of 

ellenua!  oils  by 

stion  is  that  produced  by  the  affufion  of  the  nitrous  acid : 
acid  upon  oil.    All  the  oils  obtained  by  diftil- 
from  vegetables,  and  known  by  the  name  of 
il  oils,  are  proper  for  this  experiment.  An 
i 'of  the  oil  intended  to  be  fet  on  fire  muft  be 
in  a  mallow  veffel,  and  a  bottle  containing  an 
of  the  moft  concentrated  nitrous  acid  muft  be 
:d  at  the  end  of  a  pole,  that  the  operator  may 
ficiently  diftant  from  the  inflammation.  Two 
of  the  acid  being  poured  on  the  oil,  makes  a 
arable  ebullition ;  the  oil  growing  black  and 
and  fometimes  taking  fire.    But  if  this  laft  cir- 
nmce  does  not  happen  in  five  or  fix  feconds,  the 
ader  of  the  acid  muft  be  poured  where  the  mix- 
ppears  moft  dry  and  black  ;  and  then  the  inflam- 
1  feldom  fails  to  take  place, 

oils  may  alfo  be  inflamed,  if  equal  parts  of  the —  of  fat  oils  a 
5  and  vitriolic  acids  be  firft  poured  on  them, 
/hen  the  ebullition  is  at  the  greateft,  a  portion  of 
is  acid  be  poured  on  the  dried  part. 

ong  nitrous  acid,  of  the  fpecific  gravity  of  1.54,  — of  charcoal,. or 
added  to  the  powder  of  charcoal,  or  lamp  lamp  bla°k' 
,  recently  made  very  dry,  takes  fire,  and  dcto- 


Prouft  in  the  Journal  dc  Medecine,  for  July  1778. 
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but  the  method  which  is  faid  to  enfure  fuccefs,  [At 
put  the  dry  powder  into  a  very  dry  retort,  and  jflj 
the  acid  upon  the  fide  of  the  glafs,  fo  that  it  may  H 
fall  upon  the  powder,  but  flow  beneath  it. 

The  produ£Hon  of  heat  in  thefe  phenomena,  yM, 
doubtlefs  arifes  from  the  action  exerted  between! 
combuftible  body  and  the  vital  air  of  the  acid,  has  1/ 
yet  been  explained  in  an  adequate  manner  from  expj-' 
ments,  tending  to  fhew  how  the  capacities  of  the  bojfl 
are  changed  by  the  procefs. 
Recapitulation       Qn  a  review  of  the  facts  in  the  foregoing  chad^ 
it  will  not  be  difficult  to  apply  in  a  general  wayffj 
fame  theories  as  were  exhibited  in  treating  of  tin 
triolic  acid.    The  preparation  of  nitre  beds  com 
fimply  in  a  procefs  by  which  the  exhalations  of  pitfj 
fubftances  may  combine  with  vital  air,  and  the  proJrl 
be  received  into  a  combination  with  calcareous  eifi 
pr  with  the  alkali  of  decayed  vegetables ;  and|/| 
fubfequent  manipulations  are  the  mere  applicatipB 
water,  to  feparate  the  feveral  matters  from  each  dm 
according  to  their  refpective  degrees  of  folubT 
That  nitrous  acid  contains  vital  air,  is  evident  1 
the  diftillation  of  nitre  without  addition ;  and  thJ 
the  acid  it  is  applied  to,  or  combined  with,  pMof! 
cated  air,  appears  equally  clear  from  the  *  experiii 
of  Mr.  Cavendifh,  and  from  the  frequent  appear] 
of  this,  aerial  fubftance  in  experiments  with  nitl 
air.    The  queftion  in  this  procefs  therefore  feenj 
be,  whether  the  air  called  phlogifticated  air  do  rj 


*  Phil.  Tranf.  quoted,  page  152, 
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f|  ntain  an  inflammable  principle,  which  it  gives  out 
I  ring  combination  with  the  vital  air ;  or  whether  it 
I  rply  unite  to  this  laft  ?  Upon  the  former  fuppofition, 
I  i  theory  of  the  general  fa£ts  will  be  as  follows  : 
■^Nitrous  acid  confifts  of  vital  air  united  to  a  certain 
■•.□portion  of  phlogifticated  air,  which  has  been  de- 
lived  of  phlogifton  during  combination.    "When  a 
I  mbuftible  body  is  prefented  to  this  acid,  it  becomes 
■rrroded  or  burned  •,  that  is  to  fay,  it  combines  with 
4  me  of  the  vital  air,  and  parts  with  fome  of  its  own 
Jj  logifton.    In  this  ftate  the  acid  is  no  longer  the 
I  Tie  ;  for  it  has  loft  vital  air,  and  part  of  its  phlogifti- 
I  ted  air  has  regained  phlogifton.    It  therefore  emits 
I  .her  nitrous  air,  which  is  an  imperfect  nitrous  acid, 
I  lerein  the  phlogifton  is  too  abundant,  and  the  vital 
•  too  deficient,  to  exhibit  acid  properties;  which  on 
at  account  readily  abforbs  vital  air,  and  is  by  that 
:jans  precipitated  again  in  the  original  acid  form : 
,  if  the  decomposition  be  more  completely  made,  the 
antity  of  vital  air  abforbed,  and  of  phlogifton  emit- 
,1,  by  the  combuftible  body,  may  be  fuch  as  that  only 
[  logifticated  air  {hall  be  extricated,  as  is  the  cafe  with 
■  imal  fubftances.    Again,  the  composition  of  nitrous 
being  thus  eftablifhed,  if  the  eleftric  fpark  be 
plied  to  produce  ignition  in  this  aerial  fluid,  the 
iall  portion  of  vital  air  intimately  unites  with  as 
uch  of  the  phlogifticated  air  as  is  required  to  form 
trous  acid,  and  leaves  the  refidue  of  phlogifticated 
| r  behind :  or,  if  any  procefs  of  flow  combuftion  be 
rried  on  in  it,  the  whole  of  the  vital  air  is  abforbed, 
td  as  much  phlogifton  extricated  as  converts  the  re- 
<lue  into  phlogifticated  air.    It  is  evident  that  the 

M  4  abforp- 
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nitrous    abforption  of  nitrous  air  mufl  equally  alter  the  pro- 

^         1  *   j  portions  of  the  component  parts  of  the  nitrous  acid, 

and  produce  fimilar  effects. 

The  fingular  properties  of  the  air  called  dephlopifti. 

cated  nitrous  air  have  not  fyeen  fatisfactorily  explained 

upon  any  theory. 

Theory.        It  i§  obvious  that  the  explanation  of  thefe  events 

may  be  made  at  leaft  with  equal  facility  according  to 

*- of  the  anti-  the  other  theory.  Phlogifticated  air  and  vital  air  are 
phlogiftians.     .  ,  \  °  .  . 

applied  to  each  other  under  certain  circumltances, 

and  nitrous  acid  is  produced.    Hence  it  is  concluded 

that  thefe  aerial  fubftances  have  united  together,  and 

are  the  component  parts  of  nitrous  acid.    "When  an 

inflammable  fubftance  is  burned,  or  a  metal  calcined, 

by  the  action  of  this  acid,  one  of  its  component  parts, 

namely,  vital  air,  unites  with  the  body  ;  and  the  furplus 

of  the  other  principle,  namely,  phlogifticated  air,  flies 

off  either  alone,  or  in  combination  with  a  fuflicient 

portion  of  vital  air  to  form  nitrous  air.    The  addition 

of  vital  air  to  this  laft  aerial  product  completely  forms 

nitrous  acid  ;  the  fubtraction  of  the  vital  air  it  poflefles 

muft  change  it  into  phlogifticated  air. 

A$ion  of  light.      The  phenomenon  of  nitrous  acid  becoming  yellow 

and  fuming  by  the  \  action  of  light:  or  heat,  will  {hew 

that  it  receives  phlogifton,  according  to  the  ancient 

hypothefis.    As  it  feems  however  to  be  a  bold  fuppo- 

fition,  that  either  light  or  heat,  confidered  as  matter, 

can  transfer  the  inflammable  principle  through  glafs 

vefTels,  the  fact  has  been  more  ingenioufly  explained 

by  recourfe  to  the  decompofition  of  water.    It  is  1 

afTerted  that  the  nitrous  acid  attracts  the  inflammable  I 

air,  or  phlogifton,  of  the  water,  and  fets  its  vital  air  at 

7  liberty. 
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rty.    According  to  the  antiphlogiftic  theory,  it  is  nitrous 
ply  faid  that  heat  or  light  expels  part  of  the  vital  t    *CJP*  j 
from  the  nitrous  acid,  as  the  event  {hews  ;  and  that  Theory. 

refidue,  having  an  over-proportion  of  phlogifti- 
;d  air,  is  of  courfe  coloured  and  fuming. 
The  reader  may  eafily  apply  thefe  theories  to  the 
lbuftion  of  oils  or  charcoal  'by  the  nitrous  acid,  as 
as  the  fa£s  can  be  clearly  ftated,  or  are  known  : 

thefe  are  doubtlefs  of  the  fame  nature  as  other 
ibuftions. 

t  is  a  late  difcovery  of  Mr.  Keir  *,  that  a  mixture  Keir's  com- 

'  '  -if  pound  acid. 

the  concentrated  vitriolic  and  nitrous  acids  forms  a  see  Chap.  II. 

rent  peculiarly  calculated  to  diffolve  filver  in  a  large  Book  U' 

portion  j  though  it  has  fcarcely  any  efficacy  in  fuf- 

iding  any  other  metallic  fubftance.    He  forms  it 

difTolving  nitre  in  concentrated  vitriolic  acid.  Tin, 

rcury,  and  nickel,  are  acTed  upon,  and  chiefly  cal- 

ed,  by  this  compound  acid  ;  the  latter  being  dif- 

.red  in  n  fmall  quantity  :  but  it  has  little  or  no  action 

)n  the  other  metals.    Dilution  with  water  renders 

sfs  capable  of  difTolving  filver,  but  more  active  with 

ard  to  the  other  metals, 

if  this  acid  be  digefted  upon  fulphur,  it  undergoes 
i  change  called  phlogiftication,  and  emits  nitrous 
nes ;  the  nitrous  acid  probably  lofing  its  acidity 
proportion  as  the  fulphur  becomes  acidified.  Its  affi- 
les, or  folvent  powers,  are  confiderably  changed  by 
is  procefs.  The  fame  phlogifticated  acid  is  afforded, 
the  nitrous  vapour  or  air  be  added  to  vitriolic  acid, 
ftead  of  common  nitre  ;  or  if  nitre  with  bafis  of 
Utile  alkali  be  ufed. 

*  Phil.  Tranf.  Vol.  LXXX.  p.  373. 
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OF  THE  MARINE   ACID   AND  ITS  COMBIN 
CLUDING  AQUA  REGIA. 
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*HE  marine  acid  is  obtained  from  common  culiJ 
nary  fait,  in  which  it  is  united  to  the  mineral 
alkali.  Common  fait  is  found  in  large  maflcs,  or  irj 
Salt  mines  and  rocks,  under  the  earth,  in  England  and  elfe where! 
fpnog*.  There  are  alfo  many  fait  fprings  in  various  parts  oj 

the  world ;  and  the  waters  of  the  ocean  every  wherj 
Sea  water.        abound  with  it,  though  in  different  proportions.  ThS 
water  of  the  Baltic  fea  *  is  faid  to  contain  one  fixtyj 
fourth  of  its  weight  of  fait ;  that  of  the  fea  betweei  i 
England  and  Flanders  contains  one  thirty-fecond  parti  j 
that  on  the  coafts  of  Spain  one  fixteenth  part;  anil 
between  the  tropics  it  is  faid,  perhaps  erroneouflji| 
to  contain  from  one  eleventh  to  one  eighth  part. 
Extrad'ton  of        The  whole  art  of  extracting  fait  from  waters  whicM 

eomrnon  fait  rri      »  '  t  "  »_^^H 

&om  waters,     contain  it,  coniiits  in  evaporating  the  water  in  tnl 
cheapen:  and  raoft  convenient  manner.    In  England 
a  brine  compofed  of  fea  water,  with  the  addition  cj 
rock  fait,  is  evaporated  in  large  Ihallow  iron  boilers!  > 
and  the  cryftals  of  fait  are  taken  out  in  balkets.  Ill 
Ruffia,  and  probably  in  other  northern  countries' 
the  fea  water  is  expofed  to  freeze  ;  and  the  ice,  whicl 
is  almoft  entirely  frefh,  being  taken  out,  the  remain 
ing  brine  is  much  ftronger,  and  is  evaporated  by  boij 

*  Rome  de  l'lfle's  Cryftallographie,  Vol.  I.  p.  375,  quoted  I 
Magellan  in  his  improved  edition  of  Cronftcdt,  p.  360. 

in) 
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Jug.    In  the  fouthern  parts  of  Europe  the  falt-makers  common 
take  advantage  of  fpontaneous  evaporation.    A  flat  SALT« 
piece  of  ground  near  the  fea  is  chofen,  and  banked 
round,  to  prevent  its  being  overflowed  at  high  water, 
The  fpace  within  the  banks  is  divided  by  low  walls  Various  me- 
into  feveral  compartments,  which  fucceffively  commu-  t  ods 
nicate  with  each  other.   At  flood  tide,  the  firft  of  thefe 
is  filled  with  fea  water ;  which,  by  remaining  a  cer- 
tain time,  depofits  its  impurities,  and  lofes  part  of  its 
aqueous  fluid.  The  refidue  is  then  fuffered  to  run  into 
the  next  compartment ;  and  the  former  is  again  filled  —of  obtaining 

ialt 

as  before.  From  the  fecond  compartment,  after  a  due 
time,  the  water  is  transferred  into  a  third,  which  is 
lined  with  clay,  well  rammed,  and  levelled.  At  this 
period  the  evaporation  is  ufually  brought  to  that  de- 
gree, that  a  cruft  of  fait  is  formed  on  the  furface  of 

the  water,  which  the  workmen  break,  and  it  imme  from  the  wa* 

diately  falls  to  the  bottom.    They  continue  to  do  this  tc" 
until  the  quantity  is  fufEcient  to  be  raked  out,  and 
dried  in  heaps.    This  is  called  bay  fait. 

In  fome  parts  of  France,  and  alfo  on  the  coafts  of  —  0f  the  fea 
China,  they  warn  the  dried  fands  of  the  fea  with  a 
fmall  proportion  of  water,  and  evaporate  this  brine  in 
leaden  boilers. 

At  feveral  places  in  Germany,  and  at  Montmarot  in  —  and  fait 
France,  the  waters  of  fait  fprings  are  pumped  up  to  fpnnss* 
a  large  refervoir  at  the  top  of  a  building  or  fried  ;  from 
which  it  drops  or  trickles  through  fmall  apertures  upon 
boards  covered  with  brum  wood.  The  large  furface  of 
the  water  thus  expofed  to  the  air,  caufes  a  very  confi- 
4erable  evaporation  j  and  the  brine  is  afterwards  con- 
veyed 
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common    veyed  to  the  boilers  for  the  perfect  reparation  of  the 
t    SA^T-  J  fait. 

Salts  contained  The  water  of  the  fea  contains,  befides  the  common 
fait,  a  confiderable  proportion  of  magnefian  marine 
fait,  and  fome  gypfum,  or  lime  combined  with  vitriolic 
acid.  The  magnefian  fait  is  the  chief  ingredient  of 
the  remaining  liquid  which  is  left  after  the  extrac- 
tion of  the  common  fait,  and  is  called  the  mother 
water.  Sea  water,  if  taken  up  near  the  furface,  con- 
tains alfo  the  putrid  remains  of  animal  fubftances, 
which  render  it  naufeous,  and  in  long  continued 
calms  c'aufe  the  fea  to  {link. 
Cryftallization  The  cryftals  of  common  fait  are  right-angled  fix- 
of  common,  fait.         folios,  and  are  ufually  faid  to  be  cubes.  Thefe 

form  at  the  furface,  where  the  evaporation  is  the 
greateft  ;  and  they  float  by  virtue  of  the  repulfn  e 
power  of  their  dry  upper  furfaces,  which  difplaces  a 
quantity  of  the  furrounding  water :  a  circumftance 
common  to  all  fuch  fmall  bodies  as  are  not  eafily 
wetted.  When  the  cryftal  becomes  too  large  to 
he  fufpended  in  this  way,  it  finks.  If  two  floating 
cryftals  come  fo  near  each  other  as  that  the  hollow 
fpaces  may  communicate,  they  fall  together  into  one 
cavity  at  the  furface,  without  finking  ;  and  the  fuc- 
ceffive  appofition  of  other  cryftals  often  produces  a  • 
curious  hollow  pyramid,  which  is  fquare,  becaufe  the 
figure  of  the  cryftals  themfelves  occafions  them  to 
apply  to  each,  other  only  in  the  pofition  required  to 
produce  fuch  a  folid. 

Common  fait  does  not  alter  in  the  air  ;  but  when 
expofed  to  heat,  it  cracks  and  flies  in  pieces,  by  the 

efcape,] 
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effape  of  its  water  of  cryflallization.    A  greater  heat  marine 
ignites  and  melts  it ;  and  a  ftill  greater  caufes  it  to  rife  t    A^™'  j 
totally  in  white  fumes.    The  action  of  fea  fait  upon 
earths  is  not  confiderable.    It  affifts  the  fufion  of  fili- 
ceous  earth ;  and  is  thrown  into  the  furnace  wherein 
the  pottery  called  done-ware  is  baked,  where  it  rifeS 
in  fumes,  and  glazes  their  furface ;  probably  by  the 
combination  of  its  alkali  with  the  filiceous  earth  con- 
tained in  the  clay.    The  decompofition  of  /ea  fait  by 
litharge  has  already  been  mentioned  in  treating  of    pagc  nS. 
the  mineral  alkali. 

The  marine  acid  may  be  obtained  from  common  Diftillation  of 

r  i     i  rr      r    -i  i    c  •-  -,  j-    *t    <i   c  marine  acid  from 

talt  by  procefles  fimilar  to  thofe  defcribed  for  pro-  common  fait, 
curing  the  nitrous  acid  in  the  preceding  chapter.  The 
molt  effectual  and  elegant  way  confifts  in  applying 
one  part  by  weight  of  ftrong  vitriolic  acid  to  three 
of  decrepitated  fea  fait,  in  a  retort  whofe  upper  part 
is  furnimed  with  a  tube  or  neck,  through  which  the 
acid  is  to  be  poured  upon  the  fait.  The,  aperture  of 
•this  tube  muff,  be  immediately  clofed  with  a  ground 
ftopper  after  the  pouring.  The  vitriolic  acid  immedi- 
ately combines  with  the  alkali,  and'expels  the  marine 
acid  in  the  form  of  a  peculiar  air;  which  is  rapidly  Marine  acid  air. 
abforbed  by  water,  but  may  be  confined  by  mercury. 
As  this  combination  and  difengagement  take  place 
without  the  application  of  heat,  and  the  aerial -fluid 
efcapes  very  readily,  it  is  neceflary  to  arrange  and 
lute  the  vefTels  together  before  the  vitriolic  acid  is 
added,  and  not  to  make  any  fire  in  the  furnace  until 
the  difengagement  begins  to  flacken ;  at  which  time 
it  muft  be  very  gradually  raifed.  Before  the  modern 
.•improvements  in  chemiftry  were  made,  a  great  part  of 

the 
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marine     the  acid  efcaped,  for  want  of  water  to  combine  with  ; 

t  AC^°'  j  Dut  by  the  ufe  of  the  apparatus,  fig.  21  or  22  (or  a 
Diftilktion.  combination  of  veflcls  equivalent  to  both  of  them),  the 
acid  air  is  made  to  pafs  through  water,  in  which  it 
is  conderifed,  and  forms  marine  acid  of  double  the 
weight  of  the  water,  though  the  bulk  of  this  fluid  h 
increafed  one  half  only.  The  acid  condenfed  in  the 
firft  receiver,  which  contains  no  water,  is  of  a  yellow 
colour,  arifing  from  the  impurities  of  the  fait. 

Marine  acid  air :  Heat  expels  the  marine  acid  air  from  marine 
acid,  and  leaves  the  water  behind.  The  fumes  of 
fpirit  of  fait  confift  of  this  air  in  the  act  of  uniting 
with  the  watery  vapours  of  the  atmofphere,  which 
render  it  vifible.  This  air  has  nearly  the  fame  affini- 
ties as  the  acid  itfelf  in  the  fluid  form.  The  electric 
explofion  diminifhes  it  a  little ;  but  the  remainder  is 
almoft  totally  foluble  in  water  as  before. 

—  iu  corrofive  It  is  an  object  of  confiderable  importance  to  the 
practical  chemift,  to  be  aware  of  the  corrofive  nature 
of  this  acid  air.  If  the  procefTes  in  which  it  is  fet  at 
liberty  be  carried  on  in  a  room  where  balances  and 
other  metallic  inftruments  are  kept,  though  the  quan- 
tities may  not  be  perceptible  by  the  fmell  or  otherwife, 
yet  the  inftruments  will  in  the  courfe  of  a  few  days 
be  covered  with  ruft.  It  is  indeed  by  no  means  pru- 
dent to  keep,  or  make  ufe  of,  any  delicate  metallic  in- 
ftruments in  the  fame  apartment  which  is  appropriated 
to  chemical  procefTes. 

Salt  of  Sylviui.  The  marine  acid,  in  combination  with  the  vegetable 
alkali,  forms  a  fait  called  fait  of  Sylvius,  or,  impro- 
perly, regenerated  fea  fait.  It  is  of  a  bitter  tafte, 
(lightly  deliquefcent,  and  foluble  in  about  three  times 

its 
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'•eight  of  water.    This  is  fometimes  ufed  in  me-  marine 

acid. 

•ith  the  volatile  alkali  it  forms  common  fal  am-  Sal  ammoniac. 

ac,  which  is  a  confident  fait,  of  a  fharp  briny 
, ;  and  fo  remarkably  deficient  in  the  ufual  brittle- 

of  this  clafs  of  bodies,  that  it  is  not  eafily  pul- 
led. It  is  foluble  in  between  three  and  four  times 
/eight  of  water,  in  a  common  temperature.  By 

it  fublimes  entire  in  clofed  veflels. 

he  faline  combination  of  lime  with  marine  acid  is  Marine  felenits* 
itimes  called  marine  felenite,  and  fometimes  fixed 
loniac  ;  becaufe  it  forms  the  fixed  refidue  after  fal 
loniac  has  been  expofed  to  diftillation  with  lime. 
;  fait  may  be  obtained  in  the  form  of  cryftals,  but 
:liquefces  with  air.    It  is  foluble  in  lefs  than  twice 
weight  of  cold  water.    The  combination  of  lime 
marine  acid  which  remains  after  diftilling  fal  am- 
iac,  has  ufually  an  over-proportion  of  lime.    If  it 
rged  by  a  violent  heat,  it  fufes  5  and  when  cold, 
as  the  property  of  emitting  a  phofphoric  light 
1  being  {truck  with  any  hard  body.    Hence  it  is  Hombcrg't 
d  Homberg's  phofphorus,  from  the  name  of  the  PhofPhorus« 
.  obferver. 

b!he  argillaceous  marine  fait  has  a  gelatinous  con-  Argillaceous 
j  nee  when  difiolved  in  a  fmall  quantity  of  water.  marine  falt> 

aite  is  ftyptic,  and  it  affords  cryftals  by  fpontaneous 

)oration. 

'he  combination  of  ponderous  earth  with  marine  Ponderous 
1  forms  a  cryftallizable  fait  of  difficult  folution.  marinC  Wt* 

folution  is  of  admirable  ufe  for  deteding  the  pre- 
ce  of  the  vitriolic  acid  in  any  fluid ;  becaufe  this 

combines  with  the  earth,  and  forms  an  infoluble 
S  preci- 
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marine  precipitate  of  ponderous  fpat.  It  is  more  efpeciajij 
ufeful  for  purifying  the  marine  acid  itfelf  from  th< 
vitriolic  acid,  which  it  often  contains.  The  exafl 
quantity  of  folution  neceflary  to  be  added  for  tKit 
purpofe  to  any  veflel  of  marine  acid,  may  be  known' h 
v  previous  trials  with  fmall  portions  of  the  acid. 
Magnefian  Magnefian  marine  fait  exifts  in  all  fait  waters.  Itjj 

manne  fait.      foluble  in  lefs  than  its  own  weight  of  water;  and  can. 

-  not  be  obtained  in  the  cryftalline  form  but  by  firfl 
evaporating  its  folution,  and  then  fuddenly  expofingii 
to  a  great  degree  of  cold.  It  is  the  caufe  of  the  bit 
ternefs  of  fea  water;  and,  like  moll  of  the  other  fakj 
laft  defcribed,  it  is  applied  to  no  ufeful  purpofe. 
Aftion  of  marine  The  marine  acid  has  fcarcely  any  arffion  upon  com. 
aciduponmetaU.  buftible  fubftances  in  general.    It  ads  directly  upw 

tin,  lead,  copper,  iron,  zinc,  bifmuth,  antimony,  man 
ganefe,  arfenic  ;  but  does  not  affe£r,  gold,  fdver,  platioa 
mercury,  wolfram,  or  cobalt. 
Dephlogifticated     If  the  marine  acid  be  diftilled  from  about  one  fourd 

eraerated  marine  . of        wdght  of  ^  bhck  ^  of  manganefe>  a  fufffl 

eating  elaftic  fluid  arifes,  which  corrodes  mercury,  an 
is  abforbed  by  water.  The  impregnation  of  water  wit 
this  fluid  (which  was  named  the  dephlogifticated  ma 
rine  acid  by  its  difcoverer  Scheele)  may  be  conven 
ently  performed  by  means  of  the  apparatus,  fig.  21 
If  the  concentrated  marine  acid  be  ufed,  the  difengagi 
ment  takes  place  without  heat ;  but  if  it  be  weak 
the  application  of  a  gentle  heat  is  neceflary. 
common  marine  acid  which  may  rife  is  condenfed 
the  firft  bottle  ;  and  the  dephlogifticated  acid  unites 

*  Bcrthollet,  in  the  Mem.  Acad.  Par.  for  1785  j  and  in 
zier's  Journal  for  Sept.  1788. 
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»  water  in  the  fecond ;  the  water,  as  it  becomes  fa-  marine 
■ated,  afiumes  a  greenifh  yellow  colour.    When  the  ,     A^1D*  * 
.uration  is  complete,  the  dephlogifticated  acid  takes  Dephiogifticat- 

r  111-1  11  "    ■         ,    ed  or  aerated 

oncrete  form,  and  deicends  to  the  bottom  in  yel-  marine  acid. 

vifh  flocks,  provided  the  temperature^  of  die  water 

only  a  few  degrees  above  freezing.    An  increafe 

temperature,  fuch  as  may  be  produced  by  applying 

:  hand  to  the  vefTel,  caufes  this  concrete  matter  to 

.ime  the  aerial  form,  and  efcape  in  bubbles  to  the 

face.    The  tafte  of  the  folution  is  auftere,  but  does 

t  refcmble  that  of  acids.    It  combines  with  fixed 

:alis  without  caufmg  them  to  give  out  their  fixed 

,  if  they  be  in  a  mild  ftate.    Heated  with  lime,  or 

ed  alkali,  it  emits  vital  air,  and  then  forms  the 

ne  faline  combinations  as  the  common  marine  acid 

)uld  have  done.    It  diflblves  all  metals  directly, 

thout  affording  inflammable  air,  as  the  marine  acid^ 

es  with  fome  of  them ;  and  its  faline  combinations 

,:,  for  the  moft  part,  the  fame  as  the  common  acid 

oduces  when  made  to  combine  with  thofe  bodies. 

i  deftroys  vegetable  colours,  rendering  them  white 

!  thout  firft  caufing  them  to  become  red  j  it  bleaches 

x  •,  and  in  general  produces  immediately,  in  a  va- 

ty  of  fubftances,  the  fame  changes  as  are  efFecled 

long  expofure  to  air.    This  property  has  already  Annates  de 

■  in  applied  with  fuccefs  in  manufactories.  Chimie,  II. 

11  15 1 — 190. 

When  the  aeriform  dephlogifticated  marine  acid  Sa  It  into  which 
-received  in  a  folution  of  pure  vegetable  alkali,  andSSt 

-  liquor  evaporated,  two  kinds  of  fait  are  obtained. tcrs- 
:  .ie  one  is  the  common  fait  of  Sylvius,  which  fepa- 

tcs  from  the  fluid  as  the  evaporation  goes  on  j  and 
!  e  other  is  a  fait  which,  being .  more  foluble  in  hot 

N  than 
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than  in  cold  water,  affords  cryftals  by  cooling.  Thtfc 
are  of  a  long  rhomboidal  figure,  and  a  filvery  bril-  I 
Detonating  ma-  liancy  ;  have  an  infipid  cooling  tafte,  refembling  nitre:  j 

rine  fait ;  with  , 

bale  of  vegetable  cl°  not  deliqueice  in  the  air;  and  detonate  with  char-  i 
alkah .  or  witn  iron,««iore  ftrongly  than  nitre  itfelf  does,  i 

By  heat  alone  they  give  out  vital  air  ;  and  the  refidue  j 
of  their  detonation  with  charcoal  is  the  fait  of  Sylvius.  | 
Hence  it  is  obvious  that  a  portion  of  the  alkali  has  I 
imbibed  fome  of  the  dephlogifticated  marine  acid,  to- 1 
gether  with  the  overplus  of  vital  air  contained  in  a  great} 
part  of  the  reft  of  the  acid;  and  that  this  alkali  forms! 
the  prefent  fait ;  while  the  acid  which  was  deprived  o{| 
the  overplus,  and  by  that  means  reduced  to  the  com4 
mon  ftate,  forms  the  fait  of  Sylvius,  which  is  in  much 
the  greatefl  proportion  in  the  folution. 
with  mineral     If  the  mineral  alkali  be  ufed,  a  fait  nearlv  of  tha1 
fame  nature  is  formed ;  but  too  deliquefcent  to  affor 
cryftals.  / 
—volatile alkali.     Volatile  alkali  is  decompofed  by  the  dephlogifticatec 
marine  acid ;  the  vital  air  combining  with  its  inflam- 
mable part,  and  the  phlogifticated  air  flying  off. 
Aflion  of  light.     When  the  folution  of  dephlogifticated  marine  aci< 
is  expofed  to  the  action  of  light,  it  emits  vital  air,  s 
-becomes  converted  into  common  marine  acid. 
Theory.         When  we  reafon  by  analogy  from  the  vitriolic  an 
nitrous  to  the  marine  acids,  we  mull  conclude  tha 
this  laft  confifts  of  a  bafe  of  a  combuftible  natur 
united  to  vital  air.    And  as  the  greater  combuftibilit 
of  fulphur,  the  bafe  of  the  vitriolic  acid,  when  com 
pared  with  phlogifticated  air,  or  the  bafe  of  nitrou 
acid,  appears  to  be  the  caufe  why  the  action  of  tr 
latter  is  more  generally  effectual  upon  combuftib 

bodie 
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ies,  to  which  it  can  with  more  facility  transfer  its  marine 
t  air,  and  probably  receive  phlogifton  from  them  at  t    ACJ0,  ^ 
lame  time  j  fo  the  bafe  of  marine  acid,  being  ap-  Theory, 
ntly  lefs  combuftible  than  even  that  of  the  ni- 
ls, may,  in  its  ordinary  ftate  of  acidity,  hold  too 
11  a  quantity  of  vital  air,  or  too  large  a  proportion 
hlogifton,  to  aft  with  energy  on  other  combuftible 

es.    But  whenever  it  is  combined  with  a  furplus  Action  on  »m. 

-  r    /    i  •  i  buitible  bodies. 

ital  air  from  the  calx  of  manganeie  (which  cer- 
ly  contains  it,  becaufe  it  affords  it  by  fimple  heat), 
mft  a£t,  with  great  effect  on  bodies  which  are  dif- 
•d  to  combine  with  that  principle,  for  the  fame 
on  as  the  nitrous  acid  does  •,  namely,  becaufe  it  is 
y  decompofed.  And  this  reafon  will  in  fact  be 
fame,  whether  the  action  of  acids  be  confidered 
>rding  to  the  modern  theory,  as  confiding  chiefly 
he  combination  of  vital  air  with  the  combuftible 
or  whether  this  laft  be  fuppofed  in  the  old 
ry  to  afford  phlogifton  to  the  bafe,  or  other  com- 
;nt  part,  of  the  acid. 

muft  be  confefTed  however  that  the  general  cir-  Acidify  of  ma- 

n  }.         -         -  •      rlne  ac'd  does 

!  itances  attending  the  change  which  the  marine  not  vary  after 
fuffers  by  the  acceffion  of  vital  air,  are  not  ftriaiy  ^wof  othe' 
bnant   throughout   with  what  happens  to  the 
r  acids.    The  phlogifticated  vitriolic  and  nitrous 
s  are  rendered  more  acid  by  the  addition  of  vital 
which  is  generally  admitted  to  be  the  chief  prin- 
e  of  acidity.    The  marine  acid,  on  the  contrary, 
its  a&ivity  increafed,  by  fuch  an  addition  or 
ige,  only  with  refpecl:  to  combuftible  bodies  ;  but 
lis  active  on  the  alkalis  and  earths,  infomuch  that 
2  writers  have  thought  it  might  be  denied  to  be  an 

N  2  acid. 


180  A^tJA  REGIA  j  ITS  COMPOSITION, 

aqua       acid.    From  tins  inftance  acidity  appears  to  have  its 
regia.    ^  limitSj  f()  as  tQ  confift  of  a  precifc  term  of  dephlogifti. 

Theory.  cation,  or  of  faturation  with  vital  air  ;  and  to  be  im- 
paired or  deftroyed  by  an  excefs  cither  way.  A  full 
and  adequate  explanation  of  the  changes  of  the  rfta, 
fine  acid  fcdnnot  but  afford  much  advantage  to  the 
genefal  theory  of  acids,  which  occupy  fo  large  a  fpacc 
among  the  objects  of  chemical  inquiry. 

Compofition  of      When  one  or  two  parts  of  pale  concentrated  nitt 
a*ua regia:       j^j  are  m'xed  with  four  parts  of  fuming  marine^ 
an  effervefcence  foon  takes  place  *,  and  dephloj 
cated  marine  acid  flies  off  in  the  aerial  form,  at 
fame  time  that  the  mixture  becomes  of  a  deep 
colour.    The  mixed  acid  is  called  aqua  regia ;  and 
been  long  remarkable  for  its  property  of  diffo* 
gold,  which  is  not  fenfibly  afted  upon  by  cither  oi 
acids  that  compofe  it. 
-otherwife.        Aqua  regia  may  be  made  by  adding  to  nitrous 
any  fylt  which  contains  the  marine  acid :  for  the| 
nity  of  the  nitrous  acid  to  the  bafe  being  in  fi 
cafes  ftrongef  than  that  of  the  marine,  this  laft  is 
at  liberty  •,  and  confequently  the  mixture,  if  the 
be  not  exceffive  in  quantity,  will  contain  the» 
in  a  difengaged  ftate.    An  aqua  regia  will  the 
fore  be  produced,  whiqh  is  not  effentially  impW 
with  refpeft  to  common  ufes  by  the  portion  of 
it  may  hold  in  folution.    It  is  ufual  to  make  a* 
regia  by  diffolving  fal  ammoniac  in  about  four  tin 
its  weight  of  ftrong  nitrous  acid-,  but  the  ref 


*  Berthollct,  in  Acad.  Par.  1785. 
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experiments  or  operations  mull  vary  confiderably  aqua 
larding  to  the  proportion  and  the  ingredients  made  t    RE^'  '  j 

the  nature  of  this  mixed  acid  has  not  yet  been  The  effefts  and 

-    -       .     theory  ot  aqua 
Irly  afcertained.    After  the  difcovery  ot  the  de-  regiai 

I  >gifticated  marine  acid,  it  was  concluded,  that  the 

lous  acid  performed  the  fame  office  as  the  man* 

|-;fe  does ;  that  is,  in  fad,  that  it  either  deprives 

I;  marine  acid  of  phlogifton,  or  affords  vital  air  to 

I  bine  with  it,  or  both.    Several  difficulties  however 

liDfe  this  fuppofition.    If  the  marine  acid  be  en- 

I  d  to  calcine  and  diflblve  gold  becaufe  it  has  been 

I  alogifticated  or  aerated  by  the  nitrous  acid,  it 

I  ild  follow  much  more  ftrongly  that  the  nitrous  acid 

I  f  fhould  diiTolve  that  metal,  which  is  contrary  to 

I  fa£t.    And,  again,  it  has  not  been  (hewn  how 

.  dephlogifticated  acid,  which  is  fo  volatile,  and  fo 

ingly  foluble  in  water,  is  retained  in  the  folution  : 

to  mention  that  no  component  part  of  the  nitrous 

i  is  found  to  efcape  during  the  effervefcence,  ex- 

t  the  vital  air  which  enters  into  the  compofition  of 

.Tas  that  flies  off.    When  the  two  acids  are  in  due. 

portion,  therefore,  aqua  regia  muft  confift  of  marine 

,  and  nitrous  acid  which  has  an  under-proportion 

i.tal  air,  or  is  in  the  moft  fuming  (late  ;  or,  in  other 

■Is,  it  contains  the  two  bafes  of  the  acids,  together 

i  vital  air,  lefs  in  quantity  than  they  poffeffed  in 

r  feparated  ftate.    But,  whether  thefe  principles 

bine  and  form  a  compound  acid,  or  in  what  other 

:r  they  may  be  arranged,  has  not  yet  been  experi- 

".tally  determined  j  though  the  writings  of  chemifts 

•  ind  with  conjectural  inferences  refpedling  them. 

N  3  The 


1 82  COMBINATIONS  OF  AQUA  REGIA. 

aqua         The  combinations  of  earths  and  alkalis,  and  even  c 
r egia.  ^  metals>  witi1  aqua  regia)  have  not  been  well  examinee 
Combinations.  It  is  not  known  whether  two  different  kinds  of  fah 
are  formed  apart  from  each  other,  or  whether  a  tripl 
/  combination  takes  place  confiding  of  two  acids  unite 
to  one  bafe.    It  appears  however  that  in  fome  afy 
the  refult  is  one  entire  compound,  and  in  others  tw 
feparate  ones. 


C  H  A 
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CHAP.  IV. 

OF  FIXED  AIR,  FIXABLE  AIR,  OR  AERIAL  ACID. 


T 


HE  acid  which  is  commonly  known  by  the  name  fixed  air, 
of  fixed  air,  abounds  in  great  quantities  in  na-  w 
ure,  and  appears  to  be  produced  in  a  variety  of  cir- 
:umftances.     It  compofes  about  one  third  of  the 
weight  of  limeftone,  marble,  calcareous  fpar,  and  Subftances  which 

...  r       .  i      r         contain  iixed  air. 

Dther  natural  ipecimens  ot  calcareous  earth,  from 
which  it  may  be  extricated  either  by  the  fimple  appli- 
:ation  of  heat,  or  by  the  fuperior  affinity  of  fome  other 
icid  ;  moft  acids  having  a  ftronger  adlion  on  bodies 
han  this.     This  lad  procefs  has  been  before  de-  Page  52—55. 
cribed.    It  does  not  require  heat,  becaufe  fixed  air  is 
trongly  difpofed  to  aflume  the  elaftfc  ftate.  Water, 
mder  the  common  preflure  of  the  atmofphere,  and 
t  a  low  temperature,  abforbs  fomewhat  more  thai:  Impregnation  of 
its  bulk  of  fixed  air,  and  then  constitutes  a  weak  acid.  W^eU 
f  the  preflure  be  greater,  the  abforption  is  augmented, 
ieated  water  abforbs  lefs  ;  and  if  water  impregnated 
vith  this  acid  be  expofed  on  a  brifk  fire,  the  rapid 
fcape  of  the  aerial  bubbles  affords  the  appearance  of 
he  water  being  at  the  point  of  boiling,  when  the  heat 
s  not  greater  than  the  hand  can  bear.  Congelation 
separates  it  readily  and.  completely  from  water;  but 
P¥»  degree  of  cold  or  preflure  has  yet  exhibited  this 
acid  in  adenfe  or  concentrated  ftate  of  fluidity. 

Fixed  air  is  nearly  twice  as  heavy  as  common  air  ; 
ind  for  that  reafon  occupies  the  lower  parts  of  fiu  h 

N  4  mines 
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PRODUCTION  OF  FIXED  AIR, 


Fixed  air  emit 
ted  from  fer- 
menting bodies. 


fixed  air.  mines  or  caverns  as  contain  materials  which  afford  it 
V  v  '  by  decompofition.  The  miners  call  it  choke  damp. 
Groto  del  Cano.  The  Grotto  del  Cano,  in  the  kingdom  of  Naples,  has 
been  famous  for  ages  on  account  of  the  effects  of  a 
ftratum  of  fixed  air  which  covers  its  bottom.  Ic  is 
cave  or  hole  in  the  fide  of  a  mountain  near  the  la 
Agnano,  meafuring  not  more  than  eighteen  feet  fro 
its  entrance  to  the  inner  extremity  ;  where  if  a  dog, 
other  animal  that  holds  down  its  head,  be  thruft,  it  ' 
immediately  killed  by  inhaling  this  noxious  fluid. 

Fixed  air  is  emitted  in  large  quantities  by  bodies 
in  the  ftate  of  the  vinous  fermentation;  and  on  account 
of  its  great  weight  it  does  not  fly  off,  but  remains  in  t 
upper  fpace  of  the  veffel,  not  occupied  by  the  fermentin 
body.  A  variety  of  (Inking  experiments  may  be  mad 
in  this  ftratum  of  elaftic  fluid.  Lighted  paper  or 
candle  dipped  into  it,  is  immediately  extinguished;  and 
the  fmoke  remaining  in  the  fixed  air  renders  its  fur- 
face  vifible,  which  may  be  thrown  into  waves  by  agi 
tation,  like  water.  If  a  dim  of  water  be  immerfed  in 
this  air,  and  brifkly  agitated,  it  foon  becomes  impreg? 
nated,  and  obtains  the  lively  tafte  of  Pyrmont  water*. 
In  confequence  of  the  weight  of  the  fixed  air,  it  may 
be  dipped  out  in  a  pitcher,  or  bottle ;  which,  if  weH 
corked,  may  be  ufed  to  convey  it  to  great  diftances. 
The  effects  produced  by  pouring  this  invifible  fluid 
from  one  veffel  to  another,  have  a  very  Angular  appear- 
ance :  if  a  candle,  or  a  fmall  animal,  be  placed  in  a 
deep  veffel,  the  former  becomes  extindt,  and  the  latter 
expires,  in  a  few  feconds  after  the  fixed  air  is  poured) 
upon  them,  though  the  eye  is  incapable  of  diftinguiflu 
jng  any  thing  that  is  poured. 


Experiments 
}nade  in  an 
atmofyhere  of 
fixed  air. 
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When  vegetable  fubftances  are  expofcd  to  a'ftrong  fixed  air. 
I  at  in  vefTels  partly  clofed,  the  volatile  principles  fly  '  «* 
I but  combuftion  does  not  take  place  for  want  of 

.    The  fixed  refidue  is  the  inflammable  fubftance 
I  led  charcoal.    For  general  purpofes,  wood  is  con-  Converfion  of 

,       .     .,  ..         .  .  vegetable  matter 

jrted  into  charcoal  by  building  it  up  in  a  pyra-  int0  charcoal< 
i  dical  form,  and  covering  the  pile  with  clay  or  earth, 
I  ving  a  few  air-holes,  which  are  clofed  when  the 
I'tfs  is  perfectly  lighted ;  and  by  that  means  the  com- 
lllion  is  carried  on  in  an  imperfect  manner.  Com- 
I  m  charcoal,  when  expofed  to  heat  in  clofed  veflels, 
I  res  out  a  fmall  quantity  of  inflammable  air,  which 
I  :ms  extraneous  to  it ;  and  if  it  be  burned,  it  leaves 
I  mall  portion  of  earth,  fixed  alkali,  and  other  falts. 
Tie  greater  part  of  charcoal  therefore  confifts  of  an 
I  lammable  fubftance  ;  and  it  is  found  that,  if  this  be  Production  of 
I  rned  in  a  clofed  veiiel  over  mercury,  with  vital  air,  charcoal. 
;  product  is  fixed  air,  and  nothing-  elfe  as  is  proved 
the  refidue  after  the  fixed  air  has  been  abforbed  by 
lftic  fixed  alkali :  for  there  is  either  no  aerial  refiv 
e,  or  the  refidue  confifts  of  vital  air  as  pure  as  at 
I*. 

Hence  it  follows,  that  fixed  air  confifts  of  the  in-r  Compofition  of 
mmable  matter  of  charcoal  united  to  vital  air.    The  fixed  alr' 
:iphlogiftian  philofophers  confider  this  matter  as  a 
:uliar  combuftible  and  acidifiable  bafe,  and  thence 
er  the  prefence  of  charcoal  in  all  cafes  where  fixed  Opinions, 
is  extricated  or  produced  :  but,  on  the  other  hand, 
'eral  of  the  phlogiftians  think  themfelves  juftifiable 
concluding  that  fixed  air  is  produced  by  the  union 


*  Lavoificr  in  Mem.  Acad.  Par.  for  178 1,  p.  449. 
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ELECTRIZATION  OF  FIXED  AIR. 


FIXED  AIR. 
V  ■v—— ' 

The  ele&ric 
fpark  puffed 
through  fixed 
air. 


l'hlogiftic  ex- 
planation. 


Antiphlogiftic 
explanation. 


of  inflammable  air  with  vital  air,  when  either  of  them 
is  in  the  nafcent  {fate,  or  ftate  of  extrication. 

When  the  electric  fpark*  is  paffed  through  fixed 
air  confined  by  mercury,  the  volume  of  air  is  aug- 
mented about  one  twenty-fourth  part;  and  of  this  three 
fifths  are  abforbed  by  a  folution  of  cauftic  alkali,  and 
the  remainder  is  inflammable.  An  eminent  philofo. 
pher  of  the  phlogiftic  opinion  fuppofes  this  effect  to 
arife  from  the  decompofition  of  the  fixed  air,  whofe 
vital  air,  combining  more  intimately  with  part  of 
inflammable  air,  forms  water,  the  refidue  of  this  laft 
air  being  difengaged.  But  the  chemift  who  made  the 
experiment  accounts  for  it  as  follows,  without  fuppof. 
ing  the  fixed  air  to  be  decompofed  : — The  air  of  the 
atmofphere,  and  other  elaftic  fluids,  are  proved  by  ex. 
periment  to  be  capable  of  retaining  mercury  in  folu. 
tion  •,  fo  likewife  in  all  probability  does  the  fixed  air: 
and  they  all  retain  much  water.  Whenever  therefore 
the  electric  fpark,  by  pafling  through  this  mixture  of 
fixed  air,  mercury,  and  water,  ignites  a  minute  portioni 
of  it,  the  vital  air  of  the  water  unites  with  and  calcine!) 
the  mercury ;  while  the  inflammable  air  of  the  w$ 
is  fet  at  liberty ;  and  the  fixed  air,  like  other  ac 
unites  to  the  mercurial  calx,  and  falls  down  with  i 
He  fuppofes,  from  analogy,  that  the  water  in  the 
air  increafes  its  volume  by  rarefying  it ;  and  that  th 
fubtra&ion  of  the  water  occafions  a  contraction,  tfhii 

*  This  experiment,  firft  performed  by  Prieftley,  I.  248,  hi, 
fince  been  repeated  by  Van  Marum  and  others.  The  experij 
ment  of  M.  Mongc,  quoted  by  Kirwan  in  his  Effay  on  Phi<j 
gifton,  p.  193,  fecond  edition,  is  that  fpoken  of  in  the  text:  an) 
the  opinions  are  thofe  of  MciT.  Kirwan  and  Monge. 
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j  te  difengagement  of  the  inflammable  air  produces  a  fixed  air 
j  .mewhat  greater  augmentation  of  bulk.    In  this  way  1       v  "* 
j  appofing  the  water  and  mercury  to  be  prefent  in  fuf- 
I  :ient  quantity)  the  whole  of  the  fixed  air  may  enter 
j  to  a  folid  combination,  and  nothing  remain  but  in- 
j  immable  air.    Additional  experiments  mud  however 
;  :  made,  before  either  opinion  can  be  eftablifhed. 
I !  Fixed  air  does  not  appear  to  be  ftrongly  difpofed  to  Combination© 

lite  with  argillaceous  earth.    Moft  clays  however  wittily * 

Ford  a  fmall  quantity  of  this  fluid  by  heat  j  and  the 
i  lowy  white  fubftance  refembling  chalk,  and  known 
I.  y  the  name  of  lac  lun<e,  is  found  to  confift  of  clay 
\  iturated  with  fixed  air.  A  faline  fubftance,  confift- 
|  lg  of  two  fix-fided  pyramids  joined  at  one  common 
i  afe,  weighing  five  or  fix  grains,  and  of  a  tafte 
\  jmewhat  refembling  alum,  was  produced  by  leaving 
f  n  ounce  phial  of  water,  impregnated  with  fixed  air 

nd  a  redundancy  of  earth  of  alum,  expofed  to  fpon- 
luneous  evaporation  for  fome  months. 

Calcareous  earth  and  fixed  air  have  a  ftrong  attrac  witticatca- 

c  on  for  each  other.    Moft  of  the  fpecimens  of  cal-  re°US  €arth " 
)  ireous  earth  abound  with  this  acid ;  and  the  imme- 

iate  precipitation  of  lime  from  lime-water  is  the  teft 

f  the  prefence  of  this  acid. 
Ponderous  earth  combines  very  ftrongly  with  fixed  —with  ponde- 

ir.  This  compound  has  been  found  in  England  ;  and,  f°US  earth  * 
■ike  the  foregoing,  has  already  been  treated  of  in  the 

ihapter  on  earths. 

Magnefia  unites  readily  to  a  large  proportion  of  —  with  mag- 
ixed  -:-  ncfia- 


air. 


The  ufual  method  of  procuring  magnefia  is,  by  pre-  Page  106. 
;ipitation  ^om  a  folution  of  Epfom  fait,  by  adding 


an 
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fixed  air.  an  alkali  which  combines  with  the  acid.    When  a 

CryftaiUKd^  mil(1  **xec*  alluli  is  u^ctl»  xt  is  ncccflary  that  the  falioj 
eombfnation  of  folutions  fhould  be  boiling  hot,  and  the  ebullition 

magnefia  with  .  °  " 

fixed  air.  continued  for  a  fliort  time,  in  order  to  diflipate  a 

portion  of  fixed  air,  which  would  hold  part  of  the 
magnefia  in  folution.  From  this  cauie  it  is,  that  per- 
fectly mild  vegetable  alkali  affords  no  precipitate  when 
added  to  a  folution  *  of  Epfom  fait  at  the  temperature 
of  6o°.  The  mineral  alkali,  which  contains  lefs  fixed 
air  than  the  cryftallized  vegetable  alkali,  likewife  affords 
but  a  fmall  quantity  of  precipitate,  unlefs  heat  be  ap- 
plied. Mild  volatile  alkali  alfo  poffeffes  the  property  of 

•  affording  no  precipitate  when  added  to  a  folution  of 
Epfom  fait  in  the  cold :  with  a  greater  heat  magnefia 
is  feparated  ;  and  at  a  boiling  heat  it  is  again  taken  up, 
rnoft  probably  forming  a  triple  fait  compofed  of  vi- 
triolic acid  united  to  volatile  alkali  and  magnefia. 
The  faline  combination  of  magnefia  and  fixed  air  is 
feparated  in  cryftals  from  all  thefe  cold  folutions  by 
Handing  uncovered ;  during  which  time  the  fixed  air, 
which  held  the  magnefia  in  folution,  is  no  doubt  gra- 
dually diffipated.  The  cryftals  afforded  when  vege- 
table alkali  is  ufed,  are  contaminated  with  vitriolated 
tartar,  which  feparates  at  the  fame  time  ;  thofe  obr 
tained  by  mineral  alkali  are  finer  and  purer  :  but  the 
mod  oeautiful  and  pureft  are  obtained  by  leaving  the 
folution  to  which  volatile  alkali  has  been  added,  exr 
pofed  for  fome  days  in  an  oblong  veffel. 

*  One  part  Epfom  fait,  diffolved  in  fix  parts  water,  was  mixed 
with  one  part  cryftallized  vegetable  alkali,  diflblved  in  five  parts  I 
■water.    Confult  Fourcroy  in  the  Annalos  de  Chimie,  II.  2 Si, 
from  whom  the  whole  of  this  article  refpetting  aerated  magneto 
is  taken. 

*  This 


AERATED  EAUTHS  AND  ALKALIS.  1 89 

This  cryfhillized  aerated  magnefia  has  ufually  the  fixfcD  air. 
Irm  of  fix-fided  prifms.    It  is  almoft  taftelefs  ;  efflo-  Combinations  of 

ices  in  the  air;  becomes  pulverulent  by  heat,  byfixed»'rj 

e  lofs  of  its  fixed  air  and  water.;  is  foluble  in  about 
[  rty  times  its  weight  of  water  at  the  temperature  of 

°.  Half  its  weight  confifts  of  fixed  air,  one  fourth 
'  ater,  and  one  fourth  magnefia  whereas  the  common 
r  rated  magnefia  obtained  by  rapid  precipitation  con- 
:ins  forty  parts  .magnefia,  forty-eight  fixed  air,  and 
velve  water. 

All  the  earthy  combinations  of  fixed  air  are  nearly  —with  earths : 
:foluble  in  water ;  they  are  all  more  foluble  with  an 
ccefs  of  that  acid  than  in  mere  water  ;  and  they  all 

ve  out  their  fixed  air  by  heat,  except  the  native  fpe- 

men  of  aerated  ponderous  earth.  This  laft  contains 
d  water ;  and  water  feems  to  be  efTentially  neceflary 
>  enable  bodies  to  aflume  the  aerial  form. 

Fixed  air  has  no  action  upon  filiceous  earth. 

The  three  alkalis  form  concrete  cryftallizable  fairs  -and  with 
hen  united  with  fixed  air,  which  being  in  fa&  neu-alkalis: 
al  falts,  are  much  lefs  active  than  the  cauftic  or  pure 
kalis  themfelves.    Thefe  falts  ftill  continue  to  be 
ailed  the -mild  alkalis;  becaufe  the  fixed  air,  though 

forms  a  large  proportion  of  their  weight,  is  difrjlaced 
y  mod  other  acids,  and  therefore  does  not  obvioufly 
sem  to  impair  their  alkaline  properties  :  befides  which, 
s  this  volatile  acid  flies  off  in  the  elaftic  form,  and 
s  loft  in  common  experiments  (exhibiting  no  other 
ndication  of  its  prefence  than  the  violent  ebullition 
vhich  accompanies  its  efcape),  it  was  formerly  over- 
ooked,  and  even  at  the  prefent  time  is  not  always 
ufficieutly  attended  to. 

Alkaline 
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tixed  air.      Alkaline  air  and  fixed  air  unite,  and  form  the  con- 
*       v      '  crete  volatile  alkali. 

Combination  of     The  combinations  of  fixed  air  with  inflammable 

fixed  air  with  lc 

combuftible  mat-  fubftances  have  not  been  accurately  examined.  Me- 
tallic calces  ufually  contain  more  or  lefs  of  this  acid. 
Plumbago,  or  black  lead,  is  the  molt  remarkable  com- 
pound into  which  it  enters.  This  affords  much  fixed 
air :  but  chemifls  are  not  agreed  with  refpect  to  its  i 
combuftible  part;  fome  confidering  it  as  the  mere  I 
principle  of  inflammability,  and  others  aflerting  it  to 
be  iron. 

Advantages  de-  When  we  take  a  retrofpe&ive  view  of  the  nume- 
inowied&e  of  rous  difficulties  in  chemical  fcience  refpe&ing  the) 
this  aud.  j^nild  and  cauftic  ftate  of  lime  and  alkalis,  and  their  j 
effervefcence  with  acids  in  the  one  but  not  the  other! 
ftate ;  the  interrupted  effects  of  affinities  ;  the  perni-| 
cious  effects  of  caverns,  or  of  places  where  charcoal  1st 
burned,  or  proceffes  of  fermentation  are  carried  on  y% 
the  nature  of  medicinal  fprings,  and  the  componenti 
parts  of  a  large  proportion  of  mineral  as  well  as  oh 
ganized  bodies,  which  embarrafled  the  world  before* 
the  difcovery  of  this  acid;  we  have  juft  reafon 
affirm  that  the  name  of  Dr.  Black  of  Edinburgh  wo 
have  been  immortal,  if  this  had  been  the  only  one 
the  many  difcoveries  which  he  has  added  to  the  maf; 
of  human  knowledge. 


C  H  A  fl 
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OF  THE  ACID  OF  BORAX. 

)RAX  is  a  fait  which  comes  to  us  from  the  Eaft  borai. 
Indies,  and  whofe  origin  has  till  lately  been 
dubious.  At  prefent  however  it  is  very  well 
taincd  *  that  it  is  dug  up  in  a  cryftallized  ftate 
.  the  bottom  of  certain  fait  lakes  in  a  mountain-  Natural  prodhc 
L  barren,  volcanic  diftritr,  about  five-and-twenty  cru(je  borax, 
journey  to  the  eaftward  of  LaiTa,  the  capital  of 
kingdom  of  Thibet.  Tincal,  or  crude  borax, 
lie  ftate  we  receive  it,  is  of  a  dull  white  or 
rrifh  colour,  in  irregular  cryftals,  covered  with 
ncid  oily  fubftance,  faid  to  be  added  to  prevent 
eliquefcing,  and  intermixed  with  earthy  impuri- 
It  is  not  well  known  in  what  proportions  the 
)onent  parts  exift  in  the  borax  when  dug  out  of 
arth ;  becaufe  it  is  faid  to  be  purified  by  fubfe- 
t  folution  in  water  and  cryftallization  foon  after 
:  )mes  from  the  mountains :  and  the  borax  of  Purifurstioa  of 
nerce  is  chiefly  refined  in  Holland  by  a  procefs 
h  is  kept  a  fecret ;  though  there  is  little  doubt 
it  confilts  of  folution,  filtration,  cryftallization, 
calcination,  to  free  it  from  the  impurities  and. 
fe  i  and  afterwards  a  fecond  folution  and  cryftal- 
ion,  probably  with  an  addition  of  mineral  alkali, 
alt  of  foda.    M.  Chaptal,  after  trying  various 

*  Phil.  Tunf.  Vol.  LXXVII.  No.  %u  29. 
*  procefles 


HABITUDES  OF  BORAX  AND  ITS  ACID. 


borax  and  procefTes  in  the  large  way,  found  the  method  of  calJ 


ITS  ACID. 


rax 


as  u 


cination  to  be  attended  with  lofs ;  and  approves  oi 
ftrong  and  continued  boiling  with  Water,  and  cryftalJ 
lization,  followed  by  a  fecond  folution,  ebullition,  and 
cryftallization,  as  the  fimpleft  method  of  purifying 
this  fait  *. 

Analyfis  of  bo-      If  borax  be  diflblved  to  faturation  in  boiling  water) 
and  the  vitriolic  acid  be  added  in  fuch  a  quantity  a 
be  perceptibly  in  excefs,  a  fait  will  be  difengaged,  di 
ing  the  cooling,  in  white  fcales,  which  will  fwim  at  i 
furface  of  the  fluid.    Thefe  being  taken  out,  the 
maining  folution  affords  Glauber's  fait  by  evaporat|| 
This  laft  fait,  confifting  of  the  vitriolic  acid  united 
mineral  alkali,  affords  a  proof  that  the  alkali  was  < 
of  the  component  parts  of  the  borax :  and  when, 
adding  the  difengaged  fcaly  fait  to  mineral  all 
in  a  due  proportion,  borax  is  reproduced,  we  have 
complete  proof  that  the  fcaly  fait  is  the  other  co 
nent  part.    It  was  originally  denominated  fedative 
but  is  now  known  by  the  name  of  acid  of  borax. 

The  acid  of  borax  may  be  obtained  alfo  by  fu 
mation ;  the  alkaline  bafe  being  feparated  by  the  p 
vious  addition  of  fome  ftronger  acid. 
Habitudes  of        Borax  contains  a  larger  proportion  of  alkali 
is  necefTary  to  faturate  the  acid.    Some  of  the 
is  faid  to  be  added  in  the  purification  of  the  tin 
This  purified  fait  requires  about  eighteen  times 
weight  of  water  to  difTolve  it,  at  the  temperature 
(5o°.    When  heated,  it  fwells  up,  lofes  its  water 
pryftaUization,  and  runs  into  a  kind  of  glafs,  wlij 

*  Elements  of  Cheroiftry,  Eng.  Tranflation,  I.  277. 
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ay  be  diflblved  in  water,  and  cryftallized,  as  be-  borax  and 

its  ACID. 

re.  t  j 

The  acid  of  borax  requires  about  fifty  times  its  —  and  its  acid. 
:ight  of  water  to  diflblve  it.    In  a  moderate  heat 
melts  with  lets  intumefcence  than  borax  itfelf ;  and 
e  glafly  fubftance,  thus  formed,  is  again  foluble  in 
iter,  having  only  loll  its  water  of  cryftallization. 

Borax  is  ufed  as  a  flux  in  foldering,  and  its  acid  is  a 

i 

ry  ufeful  flux  for  experiments  with  the  blow-pipe. 

The  acid  of  borax  has  been  found  uncombined  in  Native  acid  of 

e  waters  of  certain  lakes  in  Tufcany.    There  have 

en  feveral  accounts  of  the  artificial  production  of 

>rax  faid  to  be  prattifed  in  China,  and  verified  by 

periments  made  in  France ;  but  they  all  want  far- 

er  confirmation. 

It  has  lately  been  difcovered  that  a  cryftallized  H:ird  vyftallfced 

ftone  containing 

me,  found  in  a  cleft  near  the  top  of  a  ftratified  acid  of  borax, 
ountain  compofed  of  plafter  ftone  or  gypfum,  con- 
ins  a  large  proportion  of  the  acid  of  borax  *.  This 
ountain,  which  bears  the  name  of  Kalkberg,  is  fitu- 
?d  near  Luneberg  in  the  duchy  of  Brunfwick ;  and 
e  ftone  which  has  been  called  cubic  quartz,  but  is 
mwn  to  the  inhabitants  Of  the  vicinity  by  the  name 
wurfelltein,  is  ufually  of  a  white  colour,  often 
ey,  and  fometimes  of  a  violet  tinge.  Its  figure, 
hen  perfect,  appears  at  firft  fight  to  be  cubic ; 
Jt,  when  attentively  infpefted,  is  found  to  be  com- 
bed of  twenty-fix  faces.  Moft  fpecimens  are  opake  ; 

Seethe  Annalcs  de  Chimic,  II.  101  and  137,  for  cxnmina- 
•>ns  of  this  mineral,  by  M.  Wcftrurab  and  by  M.  Heyer.  The 
rmer  is  referred  to  in  the  text. 
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borax  and  fome  are  femi-tranfparent,  and  a  few  are  perfectly 
tranfparent.    The  greater  number  of  thcfe  cryflals 


of  borax  with 
lime  and  m»g« 
nefia. 


Anaiyfis  of  tie  have  the  appearance  of  having  been  corroded.  It  ;s 
native  combtna-     . . 

tion  of  the  acid  evidently  of  a  laminated  texture  ;  though  its  frafture 
feems  to  exhibit  a  radiated  appearance.  Its  fpecific 
gravity  is  about  2.566,  and  its  hardnefs  is  fucli  that  it 
fcratches  glafs,  and  gives  fire  plentifully  with  the  fteel. 

This  ftone  lofes  its  tranfparence  by  ignition,  and 
becomes  pulverable  if  quenched  in  water  •,  though  the 
hardnefs  of  its  particles  caufes  it  to  abrade  the  hardeft 
mortars  which  can  be  ufed.  An  extreme  degree  of 
heat  caufes  it  to  run  into  a  yellow  glafs.  Water  doa 
not  diflolve  it,  either  cold  or  by  ebullition.  Alkalis 
act  upon  it  in  the  dry  way,  but  not  readily  j  and/' 
this  operation  a  confiderable  lofs  of  weight  is  ex; 
rienced.  Acids,  by  long  boiling  upon  the  pulveriz 
ftone,  diffolve  it  for  the  mod  part.  Five  days  hoi 
of  marine  acid  upon  one  hundred  grams  of  the  fton 
diflblved  it  at  laft. 

The  folution  in  marine  acid  firft  exhibited  folia 
cryftals  at  its  furface,  which  fell  to  the  bottom  ;  and 
the  evaporation  proceeded,  the  whole  mafs  fixed  int 
a  yellowifh  white  fubftance.    This  was  foluble  i 
water,  and  let  fall  a  fmall  portion  of  filiceous  earth 
The  folution,  being  examined  by  the  methods  of  ana| 
lyfis  hereafter  to  be  defcribed,  afforded  a  fmall  quantitj 
of  iron,  with  fome  lime  ;  and,  by  the  addition  of  vitriolij 
acid  and  fublimation,  the  acid  of  borax  was  obtained  I 
An  additional  quantity  of  this  fubftance  was  affordef  | 
•by  wafhing  the  refidue  with  the  ftrongeft  ardent  fpirif 
and  evaporating  the  folution  till  cryftals  were  afforde 
The  component  parts  of  the  ftone  were  thus  found 
:  1 
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xid  of  borax  deprived  of  its  water  of  cryftal-  borax  and 
a  by  a  red  heat,  68  parts;  magnefia,   13^}  t-ITS  ^c'°»j 
1 1  ;  clay,  1  ;  calx  of  iron,  1  ;  filex,  2  ;  lofs  in 
eration,  3^.    By  adding  the  mineral  alkali  to 
d  thus  obtained,  a  true  borax  was  formed, 
acid  of  borax  combines  in  the  humid  way  Combinations  of 

.  .  .      the  acid  of  borax 

ie  calcareous,  ponderous,  and  magnehan  earths,  with  earths  and 
lb.  with  the  alkalis,  forming  compounds  hitherto  alkalls* 
de  examined.  It  does  not  dire£tly  diflblve  the 
in  the  humid  way;  but  notwithftanding  its 
affinity,  compared  with  other  acids,  it  is  proba- 
it  the  combinations  might  be  efFefted  by  double 
r.  It  diflblves  filiceous  earth  in  the  dry  way. 
of  wine  diflblves  it,  and  burns  with  a  green 
.vhen  fet  on  fire. 

.  attempts  have  been  made  to  decompofe  this 
)r  to  exhibit  it  in  the  aerial  form.    Some  Ger-  Suppofed  reduc- 
aemifts  have  lately  obtained  a  metallic  fubflancetion  of  bora*' 
ting  borax  with  charcoal  in  a  ftrong  fire,  in  the 
f  reduction.    But  it  is  at  prefent  generally  ad- 
that  this  metal  was  iron,  from  the  crucible  *. 

*  Ruprecht  in  the  Journal  de  Phyfique  for  1790. 
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01-  THE  ACID  OF  SPAR. 


acId  of  f  i  ^  H  E  fufible  fpar,  or  fluor,  which  is  commc 
t  spar.  ^  x  known  in  England  by  the  name  of  Derbyjj 
Fluor  or  Derby-  fpar,  contains  a  peculiar  acid  united  to  calcareous  ea 
(hue  fpar.  texture  Qf  tj^s  compOUnj  js  either  lparry^ 

irregularly  mattered  or  cracked.    It  is  either  J 
parent  or  opake ;  and  the  fpecimens  are  of  a  cu 
rhomboidal,  polygonal,  or  irregular  figure.  The 
loured  fpars  have  the  property  of  becoming  phofi 
refcent,  or  emitting  light,  when  laid  upon  a  hot  \ 
or  otherwife  heated ;  but  they  lofe  this  proper! 
being  made  red  hot.    This  fpar  is  not  fuflicien 
to  ftrike  fire  with  the  fteel.    It  is  infoluble  in 
and  does  not  effervefce  with  acids. 
Diftillntion  of       If  the  pure  fluor,  or  fpar,  be  placed  in  a  retortj 
lead,  with  a  receiver  of  the  fame  metal  adapted,  a 
half*  its  weight  of  vitriolic  acid  be  then  poured  ud 
it,  the  acid  of  fpar  will  be  difengaged  in  the  aei 
form  by  the  application  of  a  gentle  heat.    This  aj 
air  readily  combines  with  water ;  for  which  purpoij 
is  neceffary  that  the  receiver  mould  previoufly  be  lj 
filled  with  that  fluid.    When  experiments  are  requi 
to  be  made  with  the  acid  in  the  elaftic  ftate,  it  nj 
be  received  over  mercury. 
Diftinftive  cha-     The  diftinguifhing  property  which  is  moft  etniflCTj 
raftcr*  and  almoft  exelufrvely,  poffelTed  by  this  acid,  is  thJ 

diflblving  filiccous  earth.    The  firft  experiments B 
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re  made  with  glafs  veiTels,  and  were  attended    acid  of 

SPAR 

the  lingular  phenomenon  of  an  earthy  matter 
depofited  at  the  inftant  that  the  air  came  in  con- 
ith  the  water  in  the  recipient.    Upon  examina-  Siliceous  earth 

i  i  r  i  r  diflalved. 

was  found  to  be  fiheeous  earth  •,  and  iubiequent 
ments  proved  that  it  was  obtained  by  CQrrofion 
:  glafs,  and  held  in  folution  by  the  elaftic  fluid, 
rircumftance  (hews  the  neceffity  of  ufing  metal- 
rels  in  the  diftillation. 

;  fluor  acid  has  been  fuccefsfully  ufed  to  make  Etchings  on 
p.gs  on  glafs,  in  the  fame  manner  as  the  nitrous  elafs' 
ias  long  been  applied  to  copper. 

i  th  argillaceous  earth  it  forms  a  neutral  fait,  of  Combinations 

...  .    with  earths  and 

atinous  confiftence.    With  calcareous  earth  it  alkalis  -. 
ces  the  fpar  already  treated  of.    With  ponder- 
arth  it  forms  a  fait  of  difficult  folution,  which 
hfces  in  the  air.    It  readily  combines  with  magr 
and  forms  a  cryftalljzable  fait  :  it  takes  this 
from  every  other  known  acid.    With  the  ver 
e  alkali  it  affords  a  fufible  deliquefcent  fait ;  the 
m  of  which,  if  fufficiently  evaporated,  takes  a  ge- 
us  appearance.    The  mineral  and  volatile  alkalis 
id  to  a£t  nearly  in  the  fame  manner, 
is  acid  a£ts  fcarcely,  if  at  all,  upon  gold^  filver,  _  with  mctfils. 
mercury,  tin,  antimony,  bifmuth,  or  cobalt, 
;h  it  diflblves  their  calces.    It  ac~ts  direclly  upon 
md  zinc,  with  the  production  of  inflammable  air ; 
it  likewife  diflblves  copper  in  the  metallic  ftate> 
^h  lefs  eafily  than  when  calcined. 
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CHAP.  VII. 


OF  THE  ACID  OF  AMBER. 


amber.       A   MBER  is  a  hard  brittle  fubftance,  fometiri 
v         *^  perfectly  tranfparent, but  moftly  femi-tranfparel 
clouded,  or  opake.    It  is  found  of  all  colours,  l- 
Charade"  of    chiefly  yellow  or  orange.     Some  fpecimens  conti 
infects  or  leaves.    When  broken,  it  prefents  a  poliflfc 
furface  at  the  place  of  fra&ure.    It  is  capable  oj 
good  polifh,  though  always  of  a  fomewhat  greafy  ft 
By  fri&ion  it  becomes  eledtric,  and  is  the  fubftano 
which  the  operation  of  electricity  was  firft  taken  no  1 
of  by  the  ancients.    It  emits  an  agreeable  fmell  w  j 
rubbed  or  heated,  and  melts  at  a  lefs  temperature 
is  required  to  caufe  mercury  to  boil.    With  accel 
air  it  is  inflammable  j  but  by  diftillation  in  cl 
veflels  it  affords  a  fmall  portion  of  water,  a  cone 
fublimate  which  is  the  acid  of  amber,  and  an  oil. 
gentle  heat  is  fufficient  to  raife  the  acid  ;  and  care  1 
be  taken  to  regulate  it  fo  as  not  to  drive  up  the 
when  the  acid  is  required  to  be  had  in  a  ftate  of  pu 
The  acid  itfelf  is  foluble  in  twenty-four  parts  of 
water,  and  in  a  much  lefs  quantity  when  boiling 
The  fublimed  acid  requires  to  be  purified  by  repej 
folutions  and  cryftallizations. 
where  found.     Amber  is  dug  out  of  the  earth  in  the  Pruflia 
minions  in  greater  plenty  than  elfewhere ;  bu 
belt  fort  is  taken  out  of  the  fea,  or  is  caft  on 
by  the  waves.    From  its  being  found  in  the  e 
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i  the  neighbourhood  of  foflil  wood,  as  well  as  from  amber. 
:her  circumftances,  it  is  fuppofed  to  be  of  vegetable  v 
igin.    Its  analyfis  evidently  (hews  that  it  confifts 
;'  an  oil  rendered  concrete  by  combination  with  an 
•id. 

The  acid  of  amber  combines   with  the  earths,  Combination!  of 

.  the  acid  of  am- 

kalis,  and  metallic  calces.  With  clay  it  affords  a  ber. 
It  in  cryflals  ;  with  lime  and  ponderous  earth  it 
educes  falts  of  difficult  folubility,  and  with  mag- 
efia,  a  compound  refembling  gum.  With  the  vege- 
ible  and  volatile  alkalis  it  forms  cryftallizable  falts, 
rhich  deliquefce  by  expofure  to  the  air  ;  but  with  the 
mineral  alkali  it  forms  a  fait  v/hofe  cryflals  are  con- 
ftent.  With  the  calces  of  the  metals  it  forms  cryf- 
ils  which  are  for  the  molt  part  permanent. 

From  its  fublimation  in  the  form  of  flowers,  it  is 
vident  that  it  cannot  be  exhibited  in  the  aeriform 
tate  but  at  a  very  elevated  temperature.  No  inqui- 
ies  have  been  made  in  the  way  of  decompofing  it. 
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CHAP.  VIII. 


OF  THOSPHORUS  AND  ITS  ACID. 


phosphoric  npHE  phofphoric  acid,  or  its  bafe,  abound,  in  the 
■*•    animal  and  vegetable,  as  well  as  the  mineral 


Native  phofpho-  kingdoms.    In  this  laft  it  is  found  united  to  lead 

iron,  but  perhaps  mod  abundantly  in  combination 
with  calcareous  earth.  It  is  aflerted  that  there  arc 
whole  mountains-  in  Spain  which  confift  of  a  com- 
pound of  lime  and  phofphoric  acid  *.  But  the  acid 
has  been  hitherto  moft  commonly  obtained  from 
Chara&ers  of  animal  fubftances.  Phofphorus  is  a  fubftance  greatly 
phofphoms.  rcfembling  fulphur  in  colour  and  confidence,  in  ■ 
ufual  ftate  of  purification ;  but  it  is  lefs  brittle,  and 
much  more  inflammable.  When  very  pure,  it  is  01 
a  clear  tranfparent  yellow  colour.  Like  fulphur,  it 
Page  140.  burns  with  two  kinds  of  flame.  An  heat  of  about 
6o°  produces  the  weaker  kind  of  flame,  which  fcarce- 
ly  affords  any  fenfible  degree  of  warmth.  It  has  the 
appearance  of  white  fumes  in  the  day  light,  but  is 
confulerably  luminous  in  the  dark.  If  a  veflel  con- 
taining a  fmall  piece  of  phofphorus  be  furrounded 
with  water  gradually  heated,  the  fumes  efcape  more 
and  more  rapidly  j  and  when  the  water  is  heated  to 
1600,  the  phofphorus  takes  fire,  and  burns  with  a 
ftrongly  vivid  and  deftru£Hve  flame. 

*  Annales  dc  Chimie,  I.  196. 

This 
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This  fubftance,  remarkable  for  its  extreme  com-  phospko- 
iftibility,  and  the  exhibition  of  flame  without  heat,  t     R^s'  J 
is  firft  difcovered  about  the  year  1667,  by  a  chemift  The  difcovery  of 
lofe  name  was  Brandt.     Another  chemift,   well  Brandt^Kunc- 
own  by  his  writings,  whofe  name  was  Kunckel,  keI» 
covered  the  fecret  of  Brandt  by  a  fet  of  experi- 
;nts  exprefsly  inftituted  for  that  purpofe.    It  is  to 
s  philofopher  that  the  world  has  juftly  given  the 
nour  of  the  difcovery.    Our  eminent  Robert  Boyle  and  Boyle, 
ewife  made  the  difcovery  upon  the  fame  informa- 
n  probably  as  that   of  Kunckel ;   namely,  that 
t  phofphorus  was  produced  from  urine.    It  is  af- 
ted  that  a  certain  dealer  in  fecrets,  one  Krafft, 
mmunicated  the  procefs  to  Boyle #  ;  but  it  is  not 
^bable  that  a  man  of  fuch  undoubted  integrity  as  De  fence  of  Boylo 
■yle  would  have  communicated  the  procefs  to  the 
)yal  Society  as  his  own,  if  this  had  been  the  cafe. 
:ither  indeed  does  the  invention  appear  to  be  of 
it  magnitude,  as  not  to  be  eafily  hit  upon  by  thofe 
10  were  determined  to  fpare  no  pains  nor  attention 
the  purfuit  of  difcovery,  as  was  the  cafe  with  the 
;mifts  of  that  day,  moft  of  whom  indulged  extra- 
^ant  hopes.    The  procefs  of  Boyle  confifted  in  no-  Procefsof  Boyle, 
.ng  more  than  diftilling  urine  till  the  laft  volatile 
:>du£t,  came  over,  which  is  the  phofphorus ;  and 
ufed  no  other  artifice  to  facilitate  the  operation, 
an  that  of  firft  evaporating  the  fluid  part  of  the 
me  until  it  became  of  the  confidence  of  fyrup.  He 
en  mixed  this  liquid  with  thrice  its  weight  of 
ie  fand,  and  expofed  the  whole  to  diftillation  for 

!  Stahlii  CCC.  Expcr.  cd.  Berolini,  Ann.  1731,  p.  393. 

twelve 
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fhospho-    twelve' hours,  the  fire  being  made  as  intenfe  as  poffi. 

t      "S*,.  -»        for  the  la  ft  fix  hours.    Other  procefles  have  fince 
been  invented  to  fhorten  this  operation  j  but  the  late  I 
difcovery  of  Scheele  has  luperfeded  them  all,  on  ac-i 
count  of  its  greater  expedition  and  cheapncfs. 

IWfs  for  ob-      rfhe  fixed  refidue  of  bones,  after  burning,  confifhl 

taming  phofpho-  .  .  ™ 

rus  from  bones,  of  the  acid  of  phofphorus  united  to  lime.  If  there-J 
fore  this  white  friable  fubftance  be  pounded,  andl 
paffed  through  a  fieve,  and  a  quantity  of  diluted  viJ 
triolic  acid  be  added,  lefs  than  is  fufficient  to  diflbhej 
the  mafs,  it  will  then  confift  of  a  folution  of  feleJj 
nite,  with  difengaged  phofphoric  acid.  By  evaporatiflj 
of  the  clear  liquid,  the  felenite  feparates  in  cryftalsl 
and  the  decanted  liquor,  by  farther  evaporation  tJ 
drynefs,  and  the  application  of  a  confiderabie  heatj 
affords  the  phofphoric  acid  in  the  form  of  a  whiti 
or  tranfparent  glafs.  If  this  acid  be  pounded,  ani 
mixed  with  one  third  of  its  weight  of  charcoal,  in  a 
earthen  retort,  it  affords  phofphorus  by  diftillation. 

IWphoricglafs.     The  phofphoric  glafs  obtained  in  the  firft  inft 

from  bones,  is  not  fufficiently  deprived  of  calcareo 

earth  to  be  ufed  in  any  other  procefs  than  that  ( 

making  phofphorus.    For  this  purpofe  however  it :  I 

not  necefiary  to  bring  it  to  the  confidence  of  glaf 

The  evaporation  may  be  conveniently  performed  in 

copper  veffel ;  and  when  the  fluid  has  acquired  tlj 

confiftence  of  fyrup,  it  may  be  mixed  with  its  om 

weight  of  charcoal  in  powder,  and  fubmitted  to  difti) 

lation  in  a  good  earthen  retort.    Inftead  of  applyin 

a  receiver,  the  neck  of  the  retort  may  be  immerfij 

in  a  bafon  of  water  to  a  fmall  depth ;  and  the  pho 

phorus,  as  it  comes  over,  will  fall  in  drops  to  t} 

bottoU 
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bottom.    I*  is  true  that  in  the  procefs  thus  managed  phospho- 
there  will  be  apparently  much  phofphorus  burned  v  '  3 

by  the  admiffion  of  the  common  air,  which  now  Procefs  for  ob- 
and  then  panes  into  the  neck  of  the  retort,  whenever  J*'",og  Phofpho~ 
the  abforption  of  the  water  caufes  its  furface  to 
fall  below  the  aperture  ;  but  this  quantity  is  really 
inconfiderable,  and  is  compenfated  by  the  fimpiicity 
and  facility  of  the  procefs.    The  operator  muft  be 
careful  that  the  neck  of  the  retort  be  not  plunged     Page  57. 
to  too  great  a  depth ;  becaufe  in  this  cafe  the  water 
would  pafs  into  the  body  of  the  retort  at  the  time  of 
abforption,  before  the  furface  of  the  water  in  the 
bafon  had  fallen  fufficiently  to  admit  the  air.  The 
phofphorus  comes  over  as  foon  as  the  retort  is  red 
hot ;  and  when  the  drops  ceafe,  the  whole  apparatus 
muft  be  fuffered  to  cool.    It  has  the  form  of  reddiih 
wax,  or  tallow ;  and  may  be  prefTed  together  under 
:  the  water  while  it  is  yet  warm.    If  this  be  done  with 
the  naked  hand,  great  care  muft  be  taken  that  no 
particle  fhall  remain  flicking  to  the  hands,  or  under 
;  the  nails ;  as  fuch  a  particle,  by  taking  fire  when 
I  brought  into  the  air,  might  produce  very  painful  and 
1  difagreeable  confequences.    It  may  be  moulded  into 
fticks,  by  putting  the  pieces  into  fmall  conical  tubes  of 
glafs,  clofed  at  one  end,  and  fixed  upright  in  a  piece 
of  wood,  the  whole  being  immerfed  under  water : 
on  heating  the  water,  the  phofphorus  will  melt,  and 
take  the  defired  form.    The  impurities  that  rife  to  the 
upper  ends  of  the  tubes  may  be  cut  off  when  taken 
I  out,  which  muft  not  be  done  till  all  is  cool. 

Phofphorus  may  be  had  exceedingly  pure  by  ftrain-  Purification  of 
I  ing  it  through  a  leather  bag  immerfed  in  hot  water }  *ho*hoxus' 
8  or, 
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phosphoric  or,  which  is  dill  better,  by  diftilling  it  a  fecond  time 

*  AC*D'  J  WIt^  a  VCr^  8ent^e  heat.  The  blackifh  colour  of 
Purification  of  phofphorus  is  afcribed  to  a  portion  of  phofphoric  acid 
jhoiphorus.  which  is  mixed  with  it.  This  difappears  almoft 
entirely  by  boiling  with  a  fmall  quantity  of  volatile 
alkali  *  ;  and  if  the  phofphorus  be  boiled  two  or  three 
fuccefhve  times  in  ardent  fpirit,  it  becomes  perfectly 
tranfparent,  and  of  a  beautiful  copal  colour,  with  very 
little  lofs  of  weight. 

Phofphorus  rauft  be  kept  in  a  bottle  of  water,  to 
prevent  its  gradual  combuftion. 
Phofphoric  acid,     If  a  number  of  fticks  of  phofphorus  be  placed  up- 
combuftiom  °Wrignt  in  a  glafs  ^nnel,  a  piece  of  glafs  tube  being 
previoufly  put  into  the  neck  of  the  funnel  to  prevent 
their  falling  through ;  and  if  this  funnel  be  then  in- 
ferted  in  the  neck  of  a  bottle  containing  diftilled  water, 
the  phofphorus  will  be  decompofed  by  the  flow  com- 
buftion, provided  it  be  expofed  to  a  temperature  higher 
than  that  of  6o° ;  and  the  phofphoric  acid  will  gra- 
dually pafs  through  the  funnel  into  the  water.  The 
acid  thus  obtained  contains  a  portion  of  phofphorus ; 
but,  by  expofure  to  the  air,  this  alfo  becomes  con- 
verted into  acid :  or  the  fuperfluous  portion  of  phof- 
phorus may  be  burned  by  caufing  the  acid  to  boil. 
Concrete  ?hoJ-      J*"  tne  w^ter  be  evaporated  from  the  phofphoric 
phone  acid.      aC\d,  it  may  be  converted  by  heat  into  a  folid  tranf- 
parent fubltance,  which  differs  from  that  obtained  im- 
Page  zot.     mediately  from  bones  by  the  vitriolic  acid,  in  attract- 
ing the  humidity  of  the  air,  and  its  folubilitv  in  water. 
It  is  faid  however  that  a  ftronger  heat  will  render 

'  Annates  de  Chimic,  I.  234. 
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\t  permanent,  and  deprive  it  of  acidity;  which  change  phosphoric 
molt  probably  arifes  from  its  combining  with  the  ,     ACJP'  3 
earth  of  the  crucible. 

Phofphorus  may  likewife  be  converted  into  phof-  Phofphoric  acid; 

.        .       .        .  -JT      -L-    obtained  by  the 

phoric  acid  by  treating  it  with  nitrous  acid.    In  this  action  ot  nitrous 

operation  a  tubulated  retort,  with  a  ground  ftopper,  acid ' 

muft  be  half  filled  with  concentrated  nitrous  acid, 

and  a  gentle  heat  applied.  Small  pieces  of  phofphorus 

being  then  introduced  through  the  tube,  will  be  dif- 

folved  with" an  efFervefcence,  which  is  produced  by 

the  efcape  of  a  large  quantity  of  nitrous  air.  This 

addition  of  phofphorus  muft  be  continued  until  the 

laft  piece  remains  undiflblved.    The  fire  being  then 

raifed.  to  drive  over  the  laft  portions  of  nitrous  acid, 

the  phofphoric  acid  will  be  found  in  the  retort ;  partly 

in  the  concrete,  and  partly  in  the  liquid  form. 

Vitriolic  acid  produces  nearly  the  fame  efteel:  as  the  —  by  vitriolic 

nitrous ;  but,  being  lefs  volatile,  it  is  lefs  adapted  to 

the  purpofe. 

The  ftrong  combuftion  of  phofphorus  effects  a  de  by  Arong 

r  .  ,  ,  ,  ,  ,         ...         combuftion  i 

compohtion  nearly  complete,  and  leaves  the  acid  in  a 
dry  ftate. 

Phofphoric  acid  is  likewife  produced  by  paffing  a  —  by aftreanwf 
ftream  of  vital  air  through  phofphorus  liquefied  in  hot 
water. 

Phofphorus  combines  with  the  cauftic  fixed  alkalis  Phofphoric  he- 
in  a  boiling  heat,  and  forms  an  hepar  ;  during  which  par' 
a  peculiar  elaftic  fluid  is  given  out,  which  pofleiTes 
the  remarkable  property  of  taking  fire  as  foon  as  it 
communicates  with  the  air  of  the  atmofphere.  This 
air  has  evidently  the  fame  relation  to  phofphorus  as 
the  common  hepatic  air  has  to  fulphur ;  and,  like     Page  13?. 

that, 
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THOSPHORIC 

ACID. 
V  v-  ' 

Combination  of 
phofphorus  with 
fulphur : 


—  with  oils: 


— tident  fpirits 


—  metals. 


Metals  revived 
fcy  phofphorus. 


tJfes  of  phof- 
phorus. 


that,  it  probably  confifts  of  a  folution  of  the  phof- 
phorus in  inflammable  air. 

Sulphur  and  phofphorus  unite  by  fufion,  and  form 
a  folid  compound  of  a  fetid  fmell,  which  burns  with 
a  yellow  flame,  and  fwells  in  water  ;  at  the  fame  time 
communicating  acidity  to  that  fluid,  and  emitting  a 
fmell  of  hepatic  air.  All  kinds  of  oils  diflblve  phof- 
phorus, and  are  rendered  luminous  by  it :  feveral 
efTential  oils  form  a  folution  which  takes#  fire  by  ex- 
pofure  to  the  air,  probably  in  confequence  of  the 
emiffion  of  phofphoric  air.  The  butter  of  wax,  which 
confifts  of  wax  deprived  of  part  of  its  acid  by  diftil- 
lation,  is  faid  to  be  the  propereft  material  for  pro- 
ducing this  effect.  Very  ftrong  ardent  fpirit  diflfolves 
a  fmall  portion  of  phofphorus,  which  gives  a  percep- 
tible light  upon  the  addition  of  water.  Metals  do 
not  readily  combine  with  this  fubftance  when  fimply 
heated  with  it :  but  when  the  phofphoric  acid,  toge- 
ther with  charcoal,  is  expofed  to  a  ftrong  heat,  a 
confiderable  number  of  the  metals  may  be  made  to 
unite  with  it  *,  probably  in  confequence  of  their  be- 
ing previoufly  calcined  by  the  acid. 

"When  a  ftick  of  phofphorus  is  plunged  in  the  folu- 
tions  of  gold,  filver,  copper,  and  other  metals,  the 
phofphorus  becomes  gradually  covered  with  a  brilliant 
metallic  flieath,  the  phofphorus  becoming  acidified  as 
the  metal  is  revived. 

Phofphorus  has  not  yet  been  applied  to  any  ufe, 
excepting  that  a  few  trials  have  been  made  of  its 
efficacy  in  medicine.    The  luminous  appearance  of 


*  Journil  dc  Phyfique,  for  March  1789. 
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ng  made  of  a  ftick  of  phofphorus  upon  paper,  phosphoric 


i  other  fubftance  which  can  abrade  it,  is  fuffi-  * 
ly  known.  There  is  fome  danger  of  its  catching 
f  the  friction  be  fwift  or  violent  ;  and  for  that 
n  the  ftick  of  phofphorus  ought  to  be  held  in 
tallic  cafe,  and  a  cup  of  water  mould  be  at  hand 
ilunge  it  in.    It  is  alfo  ufed  when  diffolved  in  Phofphoric 

,  matches. 

•tial  oils,  or  butter  of  wax,  to  make  tapers  or 
;hes,  intended  to  fupply  the  place  of  flint  and  fteel 
roducing  light;  but  it  is  not  probable  that  thefe 
ever  be  afforded  fufficiently  cheap  to  anfwer  the 
3oie  of  a  fubftitutc  to  that  operation. 

he  acid  of  phofphorus  exifts,  as  has  been  already  Two  ftates  of 

r    ,         ,    .,    phofphoric  acid. 

rved,  in  two  dates  fimilar  to  thofe  of  the  volatile 
fixed  vitriolic  acids :  and  the  difference  between 
dates  arifes  likewife  from  a  fimilar  caufe  ;  name- 
that  a  part  of  the  phofphorus  is  not  converted 
acid,  but  is  held  in  folution  by  that  part  which  Page  J40.  148, 
ridified.  Neither  of  the  kinds  of  phofphoric  acid 
totally  by  heat  like  the  volatile  vitriolic  acid: 
that  which  contains  phofphorus  emits  white  fumes, 
ich  feem  to  confift  of  part  of  the  acid  combined 
1  the  redundant  phofphorus  ;  and  the  refidue  melts 
the  vitreous  form.  This  difference  between  the 
olic  and  phofphoric  acids  depends  no  doubt  upon 
greater  degree  of  fixity  of  the  latter. 

."he  phofphoric  acid  does  not  appear  to  a£r.  upon  Combinations  of 
eous  earth,  though  it  corrodes  glafs  when  hot.    It  PhofPhonc  ^ 
!  ces  with  clay  in  the  dry  -way.    "With  calcareous 
:h  it  forms  a  combination  fcarcely  foluble  in  water, 
fs  there  be  an  excefs  of  acid :  it  has  been  already 
iced  that  the  earthy  refidue  of  bones  confifts  of 

this 
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jhosphoric  this  fubftance.  With  ponderous  earth  it  forms  a  fald 
i   .AC1P*   j  whofe  properties  are  little  known  ;  and  with  magnefial ': 

it  forms  a  cryftallizable  compound  of  difficult  foluil 

bility. 

Combinations  of    This  acid,  when  in  combination  with  the  vegetable!* 

phofphoric  acid  .  . 

with  alkalis.     alkali,  forms  a  very  foluble  fait,  which  is  fufpendec 
in  confiderably  greater  quantity  in  hot  than  in  col< 
water.    It  feparates  from  the  liquid  in  cryfhls,  eitjfc 
by  cooling  or  evaporation.    The  combination  of  phol 
phoric  acid  with  mineral  alkali  conftitutes  a  fait  o 
an  agreeable  tafte,  refembling  that  of  common  fait 
It  is  not  eafily  cryftallized,  by  reafon  of  its  difpofi 
tion  to  form  an  adhefive  matter  by  evaporatioi 
which  refembles  gum.    A  fmall  excefs  of  alkali  re 
ders  it  more  difpofed  to  cryftallize,  and  caufes  it; 
efHorefce  by  expofure  to  the  air.    This  fair  has  beets 
lately  introduced  into  medicine.    The  combination 
volatile  alkali  with  phofphoric  acid  is  likewife 
foluble  in  hot  than  in  cold  water,  and  affords  ci 
by  cooling.    An  excefs  of  alkali  renders  the  crj 
lization  more  eafy.    It  is  greatly  difpofed  to  fly  off 
a  gentle  heat. 

Phofphoric  falts     The  phofphoric  falts  were  firft  obtained  from  urir 
from  urine.      This  animal  fluid  confifts  of  a  large  quantity  of  v\ 
ter  •,  the  acids  of  phofphorus  and  of  the  calculus 
the  bladder,  both  in  a  difengaged  ftate ;  fome  comm 
-  fait,  with  the  faline  combinations  of  the  phofpho: 
acid  with  lime,  mineral  alkali,  and  volatile  alkali ;  a 
two  kinds  of  extractive  matter,  one  of  which  is  fo: 
ble  in  ardent  fpirit,  and  the  other  in  water. 
urine  is  expofed  to  evaporation  by  heat,  it  affume 
darker  colour  j  and  a  pulverulent  matter  falls  dov 

wh 
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jnly  a/Turning  the  elaftic  ftate,  caufed  the  explofion  ;  gold. 
hile  the  vital  air  of  the  calx  united  with  the  inflam-  v 
able  air  of  the  alkali,  and  formed  the  water. 
This  fatisfactory  theory  was  (till  further  confirmed  Theory* 
j  that  decompoiition  of  fulminating  gold,  which  takes 
ace  in  confequence  of  the  a£Hon  of  the  concentrated 
triolic  acid,  of  melted  fulphur,  fat  oils,  and  ether ; 
I  which  deprived  it  of  its  fulminating  quality  by 


>mbin'mg  with  its  volatile  alkali. 


Liver  of  fulphur  precipitates  gold  from  its  tolvent  ;  Precipitation  of 
te  alkali  uniting  with  the  acid,  and  trie  gold  falling  fulphur  s  °' 
own,  combined  with  the  fulphur;  of  which  how- 
ler it  may  be  deprived  by  moderate  heat. 

"  Moft  metallic  fubftances  precipitate  Fold  from  aqua  —  V  metallic 

r  ...  1  fubftances. 

gia;  lead,  iron,  and  filver  precipitate  it  of  a  deep 

id  dull  purple  colour  ;  copper  and  iron  throw  it 

own  in  its  metallic  ftate ;  bifmuth,  zinc,  and  mer- 

i  try,  likewise  precipitate  it.    A  plate  of  tin  immerfed 

a  folution  of  gold  affords  a  purple  powder,  called 

:  the  purple  powder  of"  Calrnis,'*  which  is  ufed  to 

tint  in  enamel.     There  are  various  methods  of 

anaging  this  procefs.    That  defcribed  by  Macquer  Proccfs  forrhak- 

ufifts  in  diffolving  tin  by  very  fmall  portions  at  a  powder  of^Ctf* 

me  without  heat,  in  an  aqua  regia  compofed  or  Cus' 

'o  parts  of  nitrous,  and  one  of  marine  acid,  pre- 

oufly  weakened  with  watef  equal  in  weight  to  both 

ie  acids.    The  firft  fmall  portion  of  tin  muft  be 

iffered  to  be  entirely  dilTolved  before  a  fecond  is 

ided.    This  addition  muft  be  continued  till  the  acid 

is  acquired  a  yellow  colour,  and  fcarcely  acts  at  all 

?on  the  tin  laft  added, 

Q  On 
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gold.  On  the  other  hand,  the  pureft  gold  mull  be  tliflolved 
P^SbTi^k- in  an  aclua  regia>  compofed  of  three  parts  of  nitrous', 

vig  the  purple    and  onc  0f  marine  acid.    This  folution  may  be  made 

powder  of  Caf-  •  #  ,  .  , 

fiiu.  as  expeditioufly  as  the  operator  chooies  by  the  aflUW 

ance  of  the  heat  of  a  fand  bath. 

The  folution  of  tin  mull  then  be  largely  diluted; 

as,  for  example,  with  one  hundred  parts  of  diflilled 

water ;  and  a  fmall  quantity  of  this  may  then  be  afla| 

by  feparating  it  into  two  parts,  and  diluting  one  of 

the  parts  Hill  farther.    Upon  trial  of  both,  by  lett; 

fall  a  drop  of  the  folution  of  gold  into  each,  it 

be  feen  which  affords  the  moil  beautiful  purple  p 

cipitate.    The  whole  of  the  folution  of  tin  m 

accordingly  be  altered,  if  necefTary,  by  adding  m 

Water.    Pour  into  this  folution,  in  a  large  glaf; 

earthen  veffel,  nearly  half  as  much  of  the  folutio 

gold  as  it  contains  of  folution  of  tin,  (luring  the 

ture  with  a  glafs  (lick.    In  a  fhort  time  the  liq 

will  become  of  a  beautiful  red  colour,  which 

gradually  difappear  by  the  fubfidence  of  the  pre 

rate.    By  adding  a  fmall  quantity  of  folution  of 

it  will  be  feen  whether  the  whole  of  the  gold*  is  p 

pitated.    The  clear  liquor  muft  then  be  decan 

and  the  precipitate  wafted.    It  confifls  of  the  c 

of  gold  and  tin  in  combination,  and  is  the 

fcnowfi  fubftance  which  has  the  property  of  co 

nicating  a' purple  colour  to  glafs. 

Gbfervations.        The  difficulties  attending  the.  preparation  of  th 

article  appear  to  depend  on  the  flate  of  the  tin. 

the  folution  of  this  metal  be  made  with  heat  W 

rapidity,  it  becomes  too  much  calcined  to  adhere  I 
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acid,  or  to  precipitate  the  gold ;  and  the  combi-  gold. 
on  of  the  two  metals  which  falls  down,  varies  in  *       *  *^ 
ur  accordingly  as  this  term  is  approached.  Thefe 
the  chief  circumftances ;  but  there  is"  no  doubt 
a  complete  examination  of  the  proccfs  would 
cate  others  worthy  of  notice. 

idler,  naptha,  and  eflential  cils,  take  gold  from  its  Solutions  of  gold 

'       r      '  in  ether,  &c 

nt,  and  form  liquors  which  have  been  called 
hie  gold.  The  gold  which  is  precipitated  by 
^oration  of  thefe'  fluids,  or  by  the  addition  of 
tial  vitriol  to  the  folution  of  gold,  is  of  the  utmoft 
tfy.  - 

1  the  dry  way,  gold  refills  the  action  of  neutral  Gold  refifta 
,  more  efpecially  nitre,  which  deflagrates  with 
imperfect  metals.    Nitre  however  does  not  afford 
expeditious  way  of  purifying  gold,  becaufe  this 
il  in  fome  meafure  protects  and  covers  the  alloys 
n  its  action.    It  is  remarked  that  borax,  ufed  as  —  but  is  ren- 
ix  with  gold,  renders  it  paler ;  and  that  this  al-  borax/'  * 
idon  of  colour  difappears  by  v  the  addition  of  nitre, 
ommon  fait.    As  the  acid  of  borax  forms  a  com- 
nd  with  gold,  which  falls  to  the  bottom  when  this 
is  added  to  the  metal  in  folution,  it  is  probable 
the  palenefs  produced  by  borax  may  arife  from 
combination  of  a  fmall  portion  of  its  acid  with 
gold,  which  might  be  driven  olf  by  a  continu- 
s  of  the  heat  •,  and  unites  by  ftronger  affinity  with 
alkali  of  the  nitre,  or  of  the  common  fait,  in 
portion  as  their  acids  are  diffipated  by  heat, 
-arths  and  alkalis  do  not  act  on  gold  in  the -dry —unchanged by 
Sulphur,  which  combines  with  moft  metals,  gfiS^hS^ 
no  effect  on  this.    A  procefs  called  dry  parting 

O  2  is 
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COLD. 


is  grounded  on  this  property,  and  is  more  cfpecialfr 
Procefs^of  dry  ulet*  m  feparating  filver  from  gold*  when  the  quantity 
parting.  Qf  t^s  iatter  metiii  ;s  t00  fmall  to  anfwer  the  charges 

of  diflblving  the  larger  mafs  of  filver  in  nitrous  acid. 
For  this  purpofc,  the  mixed  metal  is  fufed,  and  flower 
of  fulphur  thrown  on  its  furface.  This  combines  with 
the  filver  in  the  form  of  a  black  fcoria  ;  while  the 
gold  remains  at  the  bottom  in  its  metallic  ftate.  The 
operation  of  dry  parting  does  hot  leave  the  gold  ia'a 
ftate  of  purity  ;  becaufe  the  lalt  portions  of  filver  m 
defended  from  the  action  of  the  fulphur^  Eut  whe 
the  quantity  of  filver  is  thus  diminifhed,  the  operatioi 
of  parting  with  aqua  fortis,  or  nitrous  acid,  may  b 
advantageoufly  ufed. 
Combination  Liver  of  fulphur  difToIves  gold  in  the  dry  \Kf 
fabhurV  °  Kqual  parts  of  fulphur  and  vegetable  alkali  are  to  b 
haftily  fufed  with  one  fourth  of  a  part  of  gold  lea: 
Th.is  combination  is  foluble  in  water,  with  which 
forms  a  yellowifh  green  folution.  By  tire  a<ldition 
an  acid,  the  gold  is  thrown  down  in  combinati 
with  the  fulphur-,  of  which  it  may  be  deprived 
heat. 

—  with  lhctals.  Moft  metals  unite  with  gold  by  fufion.  With  fi 
vcr  it  forms  a  compound,  which  is  paler  in  prop 
tion  to  the  quantity  of  filver  added.  It  is  remar 
that  a  certain  proportion,  for  example  a  fifth  pa 
renders  it  greenifh.  From  this  circumftancc,  as  vr 
as  from  that  of  a  confiderablc  proportion  of  thf 
metals  feparating  from  each  other  by  fufion,  in  co 
fequence  of  their '  different  fpecific  gravities,  wh 
their  proportions  do  not  greatly  differ,  it  fhould  m 
that  their  union  is  little  moi*e  than  a  mere  mixtu 
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•ithout  combination.    For  as  gold  leaf  tranfmits  the  cold. 
toon  rays  of  light,  it  will  eafily  follow,  that  par-  *  v 
jles  of  filver,  enveloped  in  particles  of  gold,  will 
fleet  a  green  Lnltead  of  a  white  light. 

A  (trong  heat  is  neceflary  to  combine  platina  with  Combinations 
Did  5  it  greatly  alters  the  colour  of  the  gold  if  its  piatiasu 
eight  exceed  the  forty-feventh  part  of  the  rcafs :  it 
>es  not  much  afreel:  the  ductility.    The  Spanifh 
iniftry  has  prohibited  the  exportation  of  platina  from 
merica,  left  it  mould  be  ufed  in  adulterating  gold ; 
it  this  does  not  appear  to  be  a  danger  which  need  be 
ared,  as  chemiftry  has  long  been  in  poflellion  of  v'de  p.  22-,  and 
veral  firhple  and  expeditious  methods  of  diftinguim-  this  fe£lLa. 
g  this  fraud,  which  hefides  is  evident  to  the  fight 
hen  the  quantity  of  debafement  is  confiderable.  It 
ay  be  questioned,  likewife,  whether  the  value  of 
atina  would  not  foon  exceed  that  of  gold,  if  its 
■operties  and  ufes  were  better  known  in  fociety. 
Mercury  is  ftrongly  difpofed  to  unite  with  gold  in  Mercury: 
1  proportions,  with  which  it  forms  an  amalgam  : 
is,  like  other  amalgam6   is  fofter,  the  larger  the 
oportion  of  mercury.    It  foftens  and  liquefies  by 
sat,  and  cryftallizes  by  cooling. 

Lead  unites  with  gold,  and  considerably  impairs  —  lead,  copper* 
I  du&ility.  Copper  renders  gold  lefs  du&ile,  harder, 
ore  fufible,  and  of  a  deeper  colour.    This  is  the 
'Ual  addition  in  coin,  and  other  articles  ufed  in  fo- 
ety.    Tin  renders  it  brittle  in  proportion  to  its  quan-  Aichome  in 
T;  but  it  is  a  common  error  of  chemical  writers^,]'  jr.***1' 
>  fay  that  the  flighted  addition  is  fuffic  ient  for  this 
urpofe.    With  iron  it  forms  a  grey  mixture,  which 
>eys  the  magnet.    This  metal  is  very  hard,  and  is 

^3  fcid 
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gold.  {aid  to  be  much  fuperior  to  fteel  for  the  fabrication 
Combinations J  cuttIng  inftruments.  Bifmuth  renders  gold  white  an 
with  metals.  brittle  ;  as  do  likewife  nickel,  arfenic,  and  antimom 
Zinc  produces  the  fame  effect: ;  and,  when  equal 
weight  to  the  gold,  a  metal  of  a  fine  grain  is  pn 
duced,  which  is  faid  to  be  well  adapted  to  form  tl 
mirrors  of  reflecting  telefcopes,  on  account  of 
fine  polifh  it  is  fufccptible  of,  and  its  not  being 
jecl  to  tarnifti.  The  alloys  of  gold  with  the  regul 
of  manganefe  or  molybdena  are  not  known.  It  cou 
not  be  mixed  with  the  regulus  of  wolfram,  on  accou 
of  the  infufibility  of  this  laft  fubflance. 

Native  ores,  or      Gold  is  found  moftly  in  the  metallic  Mate,  thou 
allocs  ol  gold. 

generally  alloyed  with  filver,  copper,  iron,  or  I 
three.    It  is  found  either  in  feparate  lumps,  or  vifilj 
grains,  among  the  fands  of  rivers  in  many  parts 
Europe,  and  elfewhere.    The  quantity  is  for  the  mjf 

part  infufficient  to  pay  the  cofl  of  feparating  it  j 
it  is  thought  to  be  more  univerfally  diffufed  in 
and  earths  than  any  other  metal,  except  iron, 
greateft  quantity  of  gold  is  imported  into  Europe  frj 
South  America.  Some  is  brought  from  the 
Indian  inlands  and  China,  and  fome  from  the  cd 
of  Africa.  The  principal  gold  mines  in  Europe 
Purification.  thofe  of  Hungary.  Some  fands  afford  gold  by  fii 
warning ;  the  heavy  metallic  particles  fubliding  foonj 
but  when  it  is  bedded  in  earths  or  ftones,  thefe 
fiances  are  pounded,  and  boiled  with  one  tenth 
their  weight  of  mercury,  together  with  water, 
mercury,  after  a  certain  time,  abforbs  the  gold, 
may  be  feparated  by  preflure  through  leathern  bf 
and  fubiequent  diflillation.     Or  otherwife,  if 
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ind  be  heated  red  hot,  and  quenched  in  water  feve-  gold. 
U  times,  for  the  purpofe  of  cracking  and  dividing  *^~^~^s 

and  the  whole  be  then  melted  into  glafs,  with 
vice  its  weight  of  the  calx  of  lead,  called  litharge, 
id  charcoal  powder  be  then  added,  the  lead  will  be 
vived  into  the  metallic  Hate,  and  will  carry  the  gold 
ong  with  it.    By  expofure  to  a  proper  degree  of 
sat,  with  accefs  of  air,  the  lead  may  again  be  coll- 
ated into  litharge,  and  the  gold  will  be  left  pure, 
his  laft  operation  is  in  fact  a  method  of  allaying 
aids  which  contain  gold,  rather  than  of  obtaining 
:  from  them  in  the  large  way.  . 

Gold  is  alfo  found  in  certain  martial  pyrites  in  Pyrites  contain- 
weden  and  elfewhere  j  from  which  it  may  be  ex-  ins  S°1J" 
•acted  by  torrefacl:ion,  or  burning  of  the  fulphur, 
id  fubfequent  digeftion  in  aqua  regia. 

To  obtain  gold  in  a  ftate  of  purity,  or  to  afcertain  Cupdlation  of 
t|e  quantity  of  alloy  .  it  may  contain,  it  is  expofed8°lu' 
)  a  Itrong  heat,  together  with  lead,  in  a  porous 
irucible.    This  operation  is  called  cupellation,  and 
performed  as  follows :  The  precious  metal  is  put, 
jgether  with  a  due  proportion  of  lead,  into  a  mallow 
rucible  made  of  burned  bones,  called  a  cupel ;  and 
tie  fufion  of  the  metals  is  effected  by  expofing  them 
]  a  confiderable  heat  in  a  muffel,  or  fmall  earthen 
.'en,  fixed  in  the  midft  of  a  furnace.    The  lead 
ontinually  vitrifies,  or  becomes  converted  into  a 
lafly  calx,  which  difTolves  all  the  imperfecT;  metals, 
.his  fluid  glafs,  with  its  contents,  foaks  into  the 
upel,  and  leaves  the  precious  metal  in  a  ftate  of, 
>unty.    During  the  cupellation,  the  fcoriie  running 
own  on  all  fides  of  the  metallic  'ma(»,  produce  an 

0,^4  appear- 
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appearance  called  circulation ;  by  which  the  operator 
judges  whether  the  procefs  is  going  on  well.  When 
the  metal  is  nearly  pure,  certain  prifmatic  colours 
flafh  fuddenly  acrofs  the  furface  of  the  globule, 
which  foon  afterward  appears  very  brilliant  and 
clean  :  this  is  called  the  brightening,  and  {hews  that 
the  feparat;on  is  ended. 

SolTfrom  the  AftCr  g°'d  haS  ^  CUPe1'  lt  ftiU  COntail» 

periedt  meuis.:  either  of  the  other  perfect  metals,  platina  or  filver, 
The  former  is  feldom  fufpec"ted-,  the  latter  is  feparateq1 
by  the   operations  called   quartation   and  parting. 

— by  quartation :  Quartation  confifts  in  adding  three  parts  of  filver 
to  the  fuppofed  gold,  and  fufing  them  together ;  by 
which  means  the  gold  becomes  one  fourth  of  the  mafs 
only.  The  intention  of  this  is  to  feparate  the  parti- 
cles of  gold  from  each  other,  fo  that  they  may  m 
cover  and  defend  the  filver  from  the  adlion  of  the  pure 
nitrous  acid,  which  is  to  be  ufed  in  the  prccefs 

+r  and  parting,  parting.    Parting  confifts  in  expofing  the  mafs,  pre- 
vioufly  hammered,  or  rolled  out  thin,  to  the  action  of 
boiling  aqua  fortis  of  a  due  ftrength.    If  the  acid  be 
not  too  concentrated,  it  diflblves  the  filver,  and  leaves 
the  gold  in  a  porous  mafs  of  the  original  form  ;  but,  if 
too  ftrong,  the  gold  is  in  a  powdery  form,  which  mayf 
be  wafhed  and  dried.    The  weight  of  the  original | 
metal  before  cupellation,  and  after  all  the  fubfequent^ 
ftages,  ferves  to  afcertain  the  degree  of  finenefs  of  the  f 
ingot,  or  ore,  of  which  it  was  a  part. 

The  quantity  of  alloy  is  never  confidered  as  part|' 
of  the  Value  of  metals  which  contain  either  gold  or 
Fjnenefsof  goid.  filver.  In  eftimating  or  exprefling  the  finenefs  of  gold, 
the  whole  mafs  fpoken  of  is  fuppofed  to  weigh  twenty-l 

fou; 
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IT  carats  of  twelve  grains  each,  either  real  or  gihd. 
:reiy  proportional,  like  the  aflayer's  weights ;  and         v  ' 

pure  gold  is  called  fine.  Thus,  if  gold  be  faid 
be  23  carats  fine,  it  is  to  be  underftood,  that  in  a 
fs  weighing  24  carats  the  quantity  of  pure  gold 
ounts  to  23  carats. 

[n  fuch  fmall  works  as  cannot  be  affayed  by  fcrap-  The  affay  of 

fmall  work,  by 

;  off  a  part  and  cupelling  it,  the  aflayers  endeavour  the  touch, 
afcertain  its  quality,  or  finenefs,  by  the  touch.  This 
1  method  of  comparing  the  colour  and  other  pro- 
xies of  a  minute  portion  of  the  metal  with  thofe 

certain  fmall  bars  whofe  compofition  is  known, 
tefe  bars  are  called  touch-needles ;  and  they  are  T«uch-needlev 
jbed  upon  the  black  bafaltes,  which  for  that  reafon 
;alled  the  touchftone.  Black  flint,  or  pottery,  will 
ve  the  fame  purpofe.  Sets  of  golden  needles  may 
lfift  of — pure  gold  ;  pure  gold  23  \  carats,  with  half 
iarat  filver ;  23  .carats  gold,  with  one  carat  filver ; 
I  carats  gold,  with  ii  carat  filver;  and  fo  forth, 

the  filver  amounts  to  four  carats ;  after  which 
!  additions  may  proceed  by  whole  carats.  Other 
:dles  may  be  made  in  the  fame  manner,  with  cop- 
•  inftead  of  filver;  and  other  fets  may  have  the 
lition  confifting  either  of  equal  parts  filver  and 
I  >per,  or  fuch  proportions  as  the  occafions  of  bufi- 
"s  require, 

In  foreign  countries,  where  trinkets  and  fmall  work  Obrervatlons  <w 
:  required  to  be  fubmitted  to  the  affay  of  the  touch,  J^f*  b*  ^ 
variety  of  needles  are  neceflary ;  but  they  are  not 
ich  ufed  in  England.  They  afford  however  a  de- 
ie  of  information  which  is  more  confiderable  than 
ght  at  firft  he  expeftcd.  The  attentive  affayer 
3  not 
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Aflay  by  the 
touch. 


not  .only  compares  the  colour  of  the  ftroke  made  upon 
fhe  toucfyftone  by  the  metal  under  examination  with 
that  produced  by  his  needle,  but  will  likewife  atter 
to.  the  fenfation  of  roughnefs,  drynefs,  fmoot 
or  greafinefs,  which  the  texture  of  the  rubbed 
excites  when  abraded  by  the  ftone.  When  two  flrot 
perfectly  alike  in  colour  are  made  upon  the  ftone, 
may  then  wet  them  with  aqua  fortis,  which  will  af 
them  very  differently  if  they  be  not  fimilar  comic 
fitions  :  or  the  ftone  itfelf  may  be  made  red-hot 
the  fire,  or  by  the  blow-pipe,  if  thin  black  potter! 
be  ufed  j  in  which  cafe  the  phenomena  of  calcirtl 
tion  will  differ  according  to  the  nature  and  quantity 
of  the  alloy. 

Aflay  of  gold  ores     Gold  ores  may  be  affayed  in  the  moift  way 
in  the  moift  way.  p0un(^Ug  them  very  fine,  weighing  a  determina 

portion,  and  attempting  their  folution  in  nitrous 
which  will  diffolve  the  matrix  if  it  confift  of  cj 
reous  earth ;  or,  if  it  be  felenite,  the  powder  may 
digefted  in  aqua  regia  as  long  as  any  metallic  fu 
fiance  is  taken  up ;  after  which  the  gold  may 
precipitated  by  an  addition  of  vitriol  of  iron,  \yhi| 
will  caufe  it  to  fall  down  in  the  metallic  ftate. 

The  principal  ufe  of  gold  is  as  the  medium  It 
exchange  in  coin ;  for  which  it  has  been  chofen  | 
occupy  the  firft  place,  on  account  of  its  fcarcity,  L 
great  weight,  and  its  not  being  fubjecr.  to  tantyl 
The  gold  coins  of  Great  Britain  contain  eleven  pal 
of  gold,  and  one  of  copper. 

Cold  is  likewife  ufed  in  gilding ;  for  which  purpc'l 
as  we-  have  already  .(hewn,  it  is  mechanically  dividj 
into  le*aves  of  extreme  thinnefs.   Thcfe  are  ftuck  urj 

wojjj 
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ood,  previoufly  fmeared  with  adhefive  oil,  or  animal  gold. 
ue,  called  fize.    The  procefs  called  water-gilding,  J^I^"^ 
!iich  is  ufually  applied  to  copper  or  brafs,  is  per- 
rmed  by  immerfmg  the  clean  copper  into  a  diluted 
lution  of  mercury.    The  copper  is  corroded  by  the 
id,  which  at  the  fame  time  depolits  a  thin  coating 

mercury.  This  coating,  after  the  piece  is  warned, 
militates  the  adhefion  of  an  amalgam  of  gold,  which 
then  to  be  rubbed  upon  it.  The  mercury  is  after- 
lrds  volatilized  by  heat  j  and  the  work  is  fmifhed  by 
irning  gilding  wax  upon  it,  which  is  a  compofition 

red  bole,  verdigrife,  alum,  and  bees  wax.  The 
tention  of  this  laft  application  appears  to  be  that  of 
•ncealing  the  defeats  of  the  gilding. 
There  is  another  method  of  gilding,  which  is  per- 
rmed  by  fteeping  linen  rags  in  a  folution  of  gold, 
aefe  are  afterwards  dried  and  burned  to  allies,  which 
ntain  gold  in  a  very  divided  ftate.  Nothing  more 
neceffary  than  to  moiften  the  end  of  a  cork,  and 
p  it  in  this  burned  matter,  together  with  a  little 
Dod  aflies,  and  rub  it  upon  the  face  of  the  filver  in. 
rided  to  be  gilded.  By  this  means  the  gold  eafily 
heres. 

The  other  ufes  of  gold,  in  laces,  &c.  are  fufficiently 
(own. 
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CONCERNING  SILVER. 


Q ILVER  is  the  whiteft  of  all  metab,  confiderably 
Chafers  of'  harder  than  gold,  very  duclile  and  malleable,.  bud 
fiiver*  lefs  malleable  than  gold  j  for  the  continuity  of  its] 

parts  begins  to  "break  when  it  is  hammered  out  into 
leaves  of  about  the  hundred  and  fixty  thoufandtlJ 
of  an  inch  thick,  which  is  more  than  one  third 
thicker  than  gold  leaf :  in  this  ftate  it  does  not  tranfj 
mit  the  light.  Its  fpecific  gravity  is  moderate,  be-l 
ing  inferior  to  platina,  gold,  mercury,  and  lead.  l| 
ignites  before  melting,  and  requires  a  ftrong  heat  t 
fufe  it.  The  heat  of  common  furnaces  is  infuificier 
to  calcine  it :  but  the  heat  of  the  moft  powera 
burning  lenfes  vitrifies  a  portion  of  it,  and  caufes 
to  emit  fumes  j  which,  when  received  on  a  plate  ( 
gold,  are  found  to  be  filver  in  the  metallic  ftati 
It  has  likewife  been  partly  calcined  by  twenty  fui 
ceflive  expofures  to  the  heat  of  the  porcelain  furnac 
at  Seves.  The  air  alters  it  very  little  ;  though  it 
difpofed  to  obtain  a  thin  purple  or  black  coatin 
from  the  fulphureous  vapours  which  are  emitted  froi 
animal  fubftances,  drains,  or  putrefying  matters.  Th 
coating,  after  a  long  feries  of  years,  has  been  oblerve 
to  fcale  off  from  images  of  filver  expofed  in  churches 
and  was  found,  on  examination,  to  confifl  of  filv< 
united  with  fulphur. 
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silver  is  foluble  in  the  vitriolic  acid  when  concen-  silver. 
ed  and  boiling,  and  the  metal  in  a  ftate  of  divi-  Solubiii(y  0f 
t.    The  marine  acid  fcarcely  a&s  upon  it,  imlefs  ^ver  io  acids, 
hlogifticated :  but  the  nitrous  acid  diilblves  it  with 
at  rapidity,  and  with  a  plentiful  difengagement 
nitrous  air  ;  which,  during  its  extrication,  gives 
lue  or  green  colour  to  the  acid,  that  entirely  dif- 
lears  if  the  filver  made  ufe  of  be  pure :  if  it  con- 
1  copper,  the  folution  remains  greenifh  ;  and  if 
acid  contain  either  vitriolic  or  marine  acid,  thcfe 
nbine  with  a  portion  of  the  filver,  and  form 
l.rcely  foluble  compounds,  which  fall  to  the  bot- 
t  n.    If  the  filver  contain  gold,  this  metal  feparates 
blackifti  coloured  flocks.    The  nitrous  acid  dif- 
ves  more  than  half  its  weight  of  filver  ;  and  the 
jtion  is  very  cauftic,  that  is  to  fay,  it  deftroys  and 
■  rodes  animal  fubftances  very  powerfully.  This 
i  ion  appears  to  depend  on  the  ftrong  difpofition 
:  the  filver  to  become  revived ;  by  which  it  either 
racts  phlogifton  from  thofe  fubftances  according 
I  the  ancient  theory,  or  communicates  vital  air  to 
r:m  according   to  the   new  theory :  fo  that  the 
imal  fubftances  undergo  a  procefs  equivalent  to 
nbuftion. 

The  folution  of  filver,  when  fully  faturated,  depo-  Combination 
i  thin  cryftals  as  it  cools,  and  alfo  by  evaporation.  aC"£  mtrod8 
lefe  are  called  lunar  nitre,  or  nitre  of  filver.  A 
ntle  heat  is  fuflicient  to  fufe  them,  and  drive  off 
eir  water  of  cryftallization.  In  this  fituation  it  is 
a  black  colour,  may  be  caft  into  fmall  flicks  in  a 
ould,  and  then  forms  the  lapis  infernalis,  or  lunar 
uftic,  ufed  in  furgery.    A  ftronger  heat  dccompofes 

lunar 
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silver.  lunar  nitre,  the  acid  flying  off,  and  the  filver  remaii 
*  v  ing  pure.  It  is  obvious  that,  for  the  purpofe  of  forr 
Lunar  cauftk.    ing  the  lunar  cauftic,  it  is  not  neceflary  to  fuffer 

fait  to  cryftallize,  but  that  it  may  be  made  by  evapil 
rating  the  folution  of  filver  at  once  to  drynefs  j  ai 
as  foon  as  the  fait  is  fufed,  and  ceafes  to  boil,  it  rai 
be  poured  out.  The  nitrous  acid  driven  off  fro! 
lunar  nitre  is  decompofed,  the  produces  being  vit 
Page  167,  168.  air  and  phlogifticated  air. 

Although  the  nitrous  acid  diflblves  filver  with  fuc 
great  facility,  it  appears  to  do  this  only  in  confequenJ 
of  its  great  power  to  calcine  the  metal ;  for  the 
triolic  and  marine  acids  have  a  greater  attraction  fJ 
the  calx.    They  accordingly  take  it  from  that  acil 
and  form  falts  ;  which,  as  we  have  afready  obfervej 
fall  to  the  bottom  on  account  of  their  difficult  foil 
Vitriol  of  filver.  bility.    The  vitriol  of  filver,  which  is  formed 
pouring  vitriolic  acid  into  the  nitrous  folution  of 
ver,  is  fparingly  foluble  in  water  ;  and  on  that  accouj 
forms  cryftals,  which  are  fo  fmall  that  they  comp< 
Luna  cornea,     a  white  powder.    The  marine  acid  precipitates "  fro| 
nitrous  acid  the  faline  compound  called  luna  com< 
or  horn  filver,  which  has  been  fo  diftinguifhed  b|| 
caufe,  when  melted  and  cooled,  it  forms  a  femi-trar 
Malleable  glafs.  parent  and  partly  flexible  mafs  refembling  horn. 

is  fuppofed  that  a  preparation  of  this  kind  has  givul 
rife  to  the  accounts  of  malleable  glafs. 

If  any  fait  with  bafe  of  alkali,  containing  the  mil 
rinc  acid,  be  added  to  the  nitrous  folution  of  filvaf 
the  fame  effect  takes  place  by  double  aflinitv ;  the  alkjfl 
line  bafe  uniting  with  the  nitrous  acid,  and  the  filvjj 
•ailing  down  in  combination  with  the  marine  acid. 

Sin* 
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nee  the  marine  acid  throws  down  only  filver,  lead,  silver. 

mercury,  and  the  latter  of  thefe  two  are  not  pre- 

in  filver  that  has  nafled  cupellation,  though  a  obtained  from 

*■  L  ,r.      1  una  cornea. 

1  quantity  of  copper  may  elude  the  fcorification 

at  procefs,  the  filver  which  may  be  revived!  from 

cornea  is  purer  than  can  readily  be  obtain- 

j  any  other  means.    When  this  fait  is  expofed 

low  red  heat,  its  acid  is  not  ex  petted ;  and  a; 

ter  heat  caufes  the  whole  concrete  either  to  rife 

umes,  or  to  pafs  through  the  pores  of  the  veflcl. 

reduce  it,  therefore,  it  is  neceftafy  that  if  mould 

:riturated  with  its  own  weight  of  fixed  alkali  and 

ttle  water,  and  the  whole  afterwards  expofed  to1 

t  in  a  crucible  whofe  bottom  is  covered  with  mi-- 

•il  alkali ;  the  mafs  of  luna  cornea  being  likewife 

ered  with  the  fame  fubftance.    In  this  way  the 

t  will  be  feparated  from  the  filver,  which  is  reduced 

its  metallic  ftate. 

As  the  precipitate  of  luna  cornea  is  very  percep-  Teft  of  marine 

r  ,     ■  rn  r    i  n  ^cid  in  Waters. 

i)  the  nitrous  folution  or  iuver  is  uled  as  a  teit 
Ithe  prefence  of  marine  acid  in  waters ;  for  a  drop 
Ithis  folution  poured  into  fuch  waters  will  caufe  a 
y  evident  cloudinefs.    The  folution  of  filver  is  alfo  Purification  of 

j  i        rr      ■  •  r      i,        •  •  i    r  nitrous  acid. 

i  by  afiayers  to  purity  the  nitrous  acid  trorrr  any 
aixture  of  marine  acid.  In  this  ftate  they  call  it 
■cipitated  aqua  fortis. 

The  precipitates  of  filver  which  are  formed  by  Precipitates. 
:  addition  of  alkalis  or  earths,  are  all  reducible  by 
re  heat,  without  the  addition  of  any  combtiftibBe 
)flance.    The  fulminating  combination  of  volatile 
ali  with  filver,  exhibits  one  of  the  ,moft  aftonifhing 

inftances 
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Preparation  of 
fulminating  fil- 
let. 


Its  efledb. 


Precautions. 


inftances  of  chemical  detonation  hitherto  known*] 
Pure  filver  is  diflblved  in  pale  nitrous  acid,  and  pre] 
cipitatcd  by  the  addition  of  lime-water.  This  calx] 
or  precipitate,  after  decantation  of  the  fluid,  is  tdi 
be  dried  by  expofure  to  the  air  for  three  days.  Th* 
inventor  thinks  the  prefence  of  light  has  fome  influj 
ence  in  the  fuccefs  of  the  experiment.  The  drieij 
calx  being  agitated  or  ftirred  in  a  folution  of  cauftijl 
volatile  alkali,  aflumes  the  form  of  a  black  powdet 
from  which  the  fluid  is  to  be  decanted,  and  the  bl 
fubftance  left  to  dry  in  the  air.  This  is  the  fu 
nating  filver. 

Gunpowder  and  fulminating  gold  are  not  to 
compared  with  this  new  product ;  as  the  former  m 
quire9  ignition,  and  the  latter  a  fenfible  degree  "j 
heat,  to  caufe  them  to  fulminate.    But  the  flight 
agitation  or  friction  is  fufficient  to  caufe  the  fa 
nating  filver  to  explode.    When  it  is  once  obtaii 
it  can  no  more  be  touched.    The  falling  of  a 
atoms  of  this  preparation  from  a  fmall  height 
duced  the  detonation  ;  a  drop  of  -water  falling  upon 
had  the  fame  effect.    No  attempts  therefore  can 
made  to  inclofe  it  in  a  bottle  ;  but  it  muft  remain 
the  capfule  wherein,  by  evaporation,  it  obtained  t 
terrible  property. 

To  make  this  experiment  with  fafety,  it  is  pro 
to  ufe  no  greater  quantity  than  a  grain  of  filver ; 
lafl  deficcation  fhould  be  made  in  a  metallic  vefl 
and  the  face  of  the  operator  fhould  be  defended 

*  Difcovcrcd  by  Bcrthollet,  See  the  Journal  de  Phyfiquej 
June  1788,  p.  474.  ^  ^ 
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ch  confifts  of  the  calcareous  phofpliorlc  fait,  and  phosphoric 
acid  of  the  human  calculus.    If  the  urine  be  ill—  t    ACJD'  J 
d  as  foon  as  it  has  acquired  a  vifcid  confiftence, 
Fords  faline  cryftals  by  cooling.    Thefe  confift  of  Salts  from  urine, 
common  fait,  and  alfo  of  a  triple  combination  of 
fphoric  acid  with  the  mineral  and  vegetable  alkalis, 
:h  is  generally  known  by  the  name  of  microcof-  Mkrocofmk 
fait.     Repeated  evaporations  and  coolings  are 
ired  to  deprive  urine  of  the  moft  part  of  its  falts. 
"equent  folution  in  water,  heated  and  cooled  in 
i:d  veflels,  purifies  the  phofphoric  cryftals,  and 
rates  the  fait  with  the  bafe  of  volatile  alkali  from 
which  contains  mineral  alkali.    As  the  former  of 
:  falts  only  is  decompofed  by  heating  with  char- 
it  is  from  this  alone  that  the  phofphorus  of  urine 
tained.    The  combination  of  mineral  alkali  with  Perlate  aci4. 
tohoric  acid  was  for  fome  time  fuppofed  to  be  a 
iliar  acid,  and  was  called  the  perlate  acid, 
[vie  microcofmic  fait  has  been  applied  to  great  ufe 
le  celebrated  Bergman,  as  a  flux  in  blow-pipe 
•iments. 

ofphoric  acid  unites  with  feveral  of  the  metallic  Combinations  of 
.s.    It  acts  upon  oils,  to  fome  of  which  it  com-  wSmctSs'ani 
cates  a  peculiar  flavour,  and  it  thickens  others.  0lls' 
s  not  been  well  decided  whether  it  can  be  exhi- 
in  the  elaftic  ftate  at  the  temperature  of  the 
fphere. 

ie  faline  compounds  formed  by  the  phofphoric 
when  not  totally  acidified,  appear  to  differ  from 
of  the  complete  acid  ;  but  few  experiments  have 
made  with  thefe. 

:e  thecry  of  the  converfion  of  phofphorus  into  Theory. 

P  an 


2IO 


THEORY  OF  PHOSPHORUS. 


phosphoric  an  acid,  and  the  reduaion  into  its  original  ftate  hi, 
ACID'      treatment  with  charcoal,  is  perfeaiy  fimilar  to  that  J 
'  Theory.      fulphur  and  vitriolic  acid.    When  phofphorus  ij 
burned,  there  is  an  abforption  of  vital  air,  at  the 
time  that  phlogifton,  or  the  principle  of  inflamr 
lity,  is  fuppofed  to  be  extricated.    In  this  manner  i 
phofphorus  is  converted  into  an  acid,  which,  wl 
water  is  not  prefent,  has  the  appearance  of 
flakes ;  and  in  every  ftate  weighs  confulerably  moa 
than  the  phofphorus  itfelf.  .  On  the  other  hand, 
phofphoric  acid  is  heated  with  charcoal,  the  vital 
abforbed  by  the  latter-,  at  the  fame  time  tha 
phofphoric  bafis  is  fuppofed  to  receive  phlogifton^ 
the  charcoal,  and  by  that  means  recovers  its  orij 
ftate.    According  to  the  new  theory,  the  phofpho 
is  confidered  as  a  fimple  fubftance,  relatively  tfi! 
prefent  ftate  of  our  knowledge;  its  converfion  intoj 
acid  being  fuppofed  to  confift  merely  in  the  abfor^ 
of  vital  air,  and  its  revivification  in  the  difengagc 
•©f  that  fubftance. 
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CHAP.  IX. 


THE  METALLIC  ACIDS  ;    OF  ARSENIC,    OF  MOLYB- 
DENA,  AND  OF  TUNGSTEN,  OR  WOLFRAM. 

TN  the  preceding  chapters  we  have  exhibited  a  num*  acidity. 

her  of  inftances  in  which  the  procefs  of  com-  Rctro(-  ^  0/ 
•oiftion  has  converted  inflammable  fubftances  into  thc  fafts  and 

doftrines  con- 

cids :  whence  it  may  be  inferred,  as  a  general  rule,  tained  in  the 
i.hat  acidity  is  the  ftate  of  a  combuftible  body,  which  pre'cnt  lca'on- 
! !  burned,  either  completely  or  nearly  fo  ;  whether 
■  ich  combuftion  be  made  to  confift  in  the  difengage- 
\ient  of  phlogifton  and  abforption  of  pure  ah",  or 
whether  it  be  ftated  fimply  as  the  latter  effect.  We 
we  feen  that  fulphur,  which  is  highly  inflammable, 
I  ncomes  converted  into  vitriolic  acid  air,  which  is  not 
I  all  inflammable  ;  and  that,  when  completely  burned, 
I  becomes  vitriolic  acid,  in  which  the  peculiar  pro*- 
rties  of  that  clafs  of  bodies  are  molt  eminently 
en.    Phlogifticated  air,  which,  by  reafon  of  its  flight 
dency  to  unite  with  vital  air,  appears  to  require* 
her  a  long  expofure  to  that  fubftance,  or  the  fuccef- 
e  ignition  of  its  parts  by  electricity,  is  found  to  form 

trous  air  when  the  combuftion  is  incomplete  a 

bftance  which  has  no  acid  properties  but  which  be- 
■mes  nitrous  acid  of  various  degrees  of  acidity,  ac- 
■rding  to  the  dofe  of  vital  air  it  may  be  combined 
th,  and  perhaps  the  extrication  of  phlogifton.  The 
Jtafa  have  been  {hewn  to  be  combuftible,  as  well  by 

P  3  the 
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metallic  the  action  of  acids,  as  by  heating  them  with  accefs  of 
t     C]PS'  j  Pure  a^r*    When  they  are  thus  calcined  they  becom* 
Acidification  of  foluble  in  acids.    Some  of  the  metallic  bodies  hav« 
been  difcovered  to  be  fufceptible  of  a  farther  continu- 
ation of  the  procefs  by  which  they  are  calcined  j  and 
this  continuation  is  found  to  change  them  into  acidj 
foluble  in  water,  and  difpofed  to  combine  with  and 
neutralize  alkaline  fubftances.    Hence  there  feem  to 
be  certain  periods  of  combuftion  at  which  the  fam$ 
fimple  bafis  becomes  fucceffively  converted  into  a 
calx,  or  fubftance  capable  of  neutralizing  acids ;  and 
afterwards  into  one  which  combines  with  and  neu- 
Cenerai  infer-  tralizes,  alkalis.    If  we   might   generalize  this,  it 
jefturt.  ycon"  would  be  fair  to  conclude  that  all  metals  are,  in  their  L 
own  nature,  capable  of  being  converted  into  acids ;  I 
that  all  acids  are  reducible  to  inflammable  fubftances,! 
though  art  has  not  yet  devifed  the  means  of  doing  kjj 
in  every  inftance ;  and  it  might  be  conjectured  thatjl 
the  fixed  alkalis  themfelves  may  conGfl  of  combi 
tions  of  inflammable  fubftances  with  pure  air, 
which  they  may  adhere  with  too  ftrong  an  affinity 
be  feparated  by  means  of  any  medium  we  are 
quainted  with. 

Metal3  acidified.     The  metallic  fubftances  which  have  been  acidi 
are,  arfenic,  molybdena,  and  wolfram. 
Arfenic.         Arfenic  is  a  fubftance  which  combines  with 
mineralizes  many  of  the  metals,  and  is  fublimed 
them  in  the  form  of  a  white  calx.    It  is  not  clear! 
afcertained,  in  a  number  of  in  fiances,  whether  til 
metals  be  combined  with  this  calx,  or  with  the  metal 
or  with  the  acid  it  is  capable  of  being  converted  intf 
If  this  white  calx  be  diflblvcd  in  three  times  its  weigl 
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if  boilrnr  muriatic  ackl  in  a  tubulated  retort,  and  metallic 

ACIDS* 

wice  its  weight  of  nitrous  acid  be  then  added,  and  v   t 

tie  evaporation  ftill  continued,  the  former  acid  will  Proccfs  for  ob- 

-  >  *-,-.-•»  c<>»  •       j     -11  taining  the  arfe- 

y  off  in  the  elaftic  ftate  ;  while  the  nitrous  acid  will  nical  acid. 
« •  decompofed,  and  will  convert  the  arfenic  into  a 
oncrete  acid.    The  purity  of  this  may  be  afcertained 
y  igniting  it ;  for  this  degree  of  heat  will  drive  off 
ny  portion  of  the  other  acids  that  may  remain. 
The  arfenical  acid  is  much  more  fixed  in  the  fire  C&n&en  of 

r   -  ,   .  ailenical  acid. 

•ran  the  calx  itfelfj  it  may  even  be  tufed  into  a 

ranfparent  glafs.    If  is  (lightly  deliquefcent,  and  re- 

uires  twice  its  weight  of  water  to  diflblve  it.  This. 

cid  forms  a  faline  combination  with  argillaceous  Combinations 

.         .  .     With  earths  i 

arth,  which  coagulates  as  loon  as  it  arrives  at  the 

oint  of  faturation.    With  lime  it  forms  a  cryftal- 

zable  fait.    With  ponderous  earth  it  forms  a  fait 

f  difficult  folubility.    With  magnefia  it  produces  a 

Dagulum,  or  gelatinous  fubftance.    It  does  not  ail 

pon  filiceous  earth,  unlefs  perhaps  in  the  dry  way.- 

The  combination  of  this  acid  with  vegetable  alkali  —-with  alkalis. 

irms  a  deliquefcent  fait,  which  does  not  cryftallize  ; 

at  if  there  be  a  fmall  excefs  of  the  acid,  the  folution 

•ill  afford  fine  cryftals,  which  are  the  neutral  arfe- 

ical  fait  of  Macquer.    The  mineral  alkali,  faturated 

4th  arfenical  acid,  affords  a  cryftalliznble  fait  nearly 

;fembling  the  foregoing.    It  unites  likewife  with  the 

olatile  alkali,  and  forms  a  fait  in  cryftals.  When 

vis  is  expofed  to  diitillation,  part  of  the  alkali  is  de-  page 

:Vnpofed    phlogifticated'  air  is  given  out ;  and  the 

Kcidj  being  reduced  to  the  calcifdrm  ftate,  fublimes. 

Mere  heat  in  an  open  veffel  gradually'  reduces 

te  acid  of  arfenic  to  the  ftate  of  calx,  winch  fub- 

P  3  limes. 
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METALLIC 
ACIDS. 


Reduction  of 
arfcnical  acid. 


Combination 
with  fulphur. 


Theory. 


limes.  When  the  fluid  acid  is  digefted  with  char- 
coal powder,  no  change  takes  place  until  the  moitture 
is  evaporated ;  and  when  the  heat  is  raifed  to  igni- 
tion, a  fudden  combuflion  takes  place,  all  the  acid  is 
redu  :  and  fublimed  into  the  neck  of  the  retort,  the 
greater  part  being  in  the  form  of  the  metallic  regulus, 
and  the  reft  calx.  Continued  digeftion  with  oils  re- 
vives this  acid.  It  unites  with  fulphur  by  fufion,  the 
whole  mafs  rifmg  almofl  inftantly  in  the  form  of  a 
red  fublimate,  at  the  fame  time  that  volatile  fulphu- 
reous  acid  paffes  into  the  receiver. 

The  theory  of  thefe  fa£ts  will  not  be  difficult  to 
the  reader  who  has  attentively  confidered  the  preced- 
ing chapters.  The  white  calx  of  arfenic  was  diffolved- 
in  marine  acid ;  becaufe  it  is  required  to  be  had  in  a 
ftate  of  extreme  divifion,  and  becaufe  the  nitrous  acid 
can  only  diffolve  it  very  fparingly.  The  nitrous  acid 
is  added ;  becaufe  it  readily  gives  out  vital  air  (and 
perhaps  abforbs  phlogifton),  while  it  becomes  con- 
verted into  nitrous  air,  which  flies  off.  The  calx  of 
arfenic  thus  becomes  completely  acidified.  This  acid 
at  a  ftrong  temperature,  decompofes  volatile  alkali, 
which  is  a  compound  of  phlogifticated  and  inflamma- 
ble air.  This  laft  principle  either  affords  phlogifton 
to  the  acid,  and  reduces  it  to  the  ftate  of  a  calx ;  or, 
according  to  the  new  theory,  performs  the  fame  thing 
by  uniting  with  the  vital  air,  and  forming  water.  And 
a  fimilar  explanation  will  ferve  for  the  effects  of  char- 
coal, or  oils,  which  either  afford  phlogifton,  or  abforb 
the  vital  air,  With  refpecT:  to  the  effects  of  fulphur,  part 
of  it  is  acidified  by  combuflion,  or  combination  with 
the  vital  air  of  the  acid,  and  comes  over  in  the  form 

of 
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ntiiolic  acid  air;  while  the  reft  combines  with  the  metallic 
nic,  which 
rly  appear. 


nic,  which  is  reduced,  but  in  what  degree  does  not 


Iolybdena  is  a  fubftance  which  greatly  refembles  Change™  of 
ffibago,  or  black  lead  ;  but  its  texture  is  fcaly,  and  molJbdena• 

not  eafily  pulverifed,  on  account  of  a  degree  of 
ibility  which  its  laminae  poflefs.  If  it  be  tritu- 
d  in  a  mortar  with  vitriolated  tartar,  this  faline 
lance  will,  by  the  hardnefs  and  angular  figure  of 
particles,  render  it  more  eafily  pulverable  j  and 
I  m  this  purpofe  is  accomplifhed,  the  fait  may  be 
hed  away  by  feveral  affufions  of  water.    If  the  Procefs  for  oh- 

_  taining  the  acii 

/der  be  then  placed  in  a  retort,  with  five  or  fix  times  of  molybden*. 
weight  of  diluted  nitrous  acid,  and  diftillation  be 
ied  on  to  drynefs,  it  is  found  that  volatile  vitriolic 
l  and  nitrous  air  are  extricated,  and  the  colour  of 
refidue  becomes  lighter.    More  acid  mull  then  be 
;d,  and  the  diftillation  again  repeated  till  the 
tth  or  fifth  time.    A  ftrong  heat  is  required,  to 
e  off  the  laft  portions  of  vitriolic  acid  formed  by 
fulphur.    When  no  more  red  vapours  appear, 
refidue  will  be  white  and  pulverulent,  refembling 
k.    This  is  the  acid  of  molybdena.    It  requires 
•  five  hundred  times  its  weight  of  boiling  water 
ifTolve  it,  and  exhibits  weak  acid  properties, 
'his  acid  combines  with  lime,  magnefia,  and  cal-  Combinations. 
:ous  earth,  with  which  it  forms  falts  of  very  diffi- 
:  folution.    When  added  to  a  folution  of  ponderous 
h  in  the  nitrous  or  marine  acids,  it  forms  a  com- 
nd  which  is  fparingly  foluble  in  cold  water ;  and, 
that  account,  falls  to  the  bottom.     The  combi- 

P  4  natiot* 
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metallic  nation  of  this-  acid  with  vegetable  alkali  is  more  folu- 
i  1  S*  j  ble  in  water  than  the  acid  itfeif,  and  affords  cryitals 
by  evaporation.  It  unites  likev/ife  with  the  volatile 
alkali.  Several  of  the  metals,  when  difiblved,  are 
likewife-  feized  by  this  acid,  and  precipitated  from 
their  folutions. 

Regenerated  When  the  acid  of  molybdena  is  heated  with  ful- 
phur  in  a  retort,  placed  in  iuch  a  manner  as  that  the 
fublimed  fulphur  may  melt  and  run  back  again,  a 
•combination  between  tbefe  two  fubftances  is  at  length 
produced  j  and  the  fuperfluous  fulphur  flics  off,  being 
partly  concerted  into  volatile  vitriolic  acid.  The  re- 
fuse is  found  to  be  in  every  refpett  the  fame 
the  native  molybdena.  The  analyfis  of  molybde 
by  the  nitrous  acid  .fhewed  that  it  confifts  of  f« 
phur  united  to  a  peculiar  acid,  or  acid  bafis ; 
this  fynthetical  production  of  molybdena  proves 
fame,  thing.  . . 

Acid  of  tung-       The  acid  of  tungflen,  or  wolfram,  is  a  pecut 
flen,orwolfiam.  m£{:a^c  fubftance  obtained  from  thefe  minerals. 

tungften  is  a  ponderous  ore,  of  a  grey  colour,  anj 
lamellar  texture.    -It  confifts  of  the  metallic  calx, 
acid,  united  to  about  its  own  weight  of  calcare 
earth.    "Wolfram  is  a  mineral  of  ftill  greater  fpeci 
gravity,  which  is  formed  in  the  tin  mines  of  Corn- 
wall, and  elfewhere.    It  is  of  a  brownifli  black  colour^ 
of  a  radiated  or  foliated  texture,  internally  fliini 
aimorl  with  the  luftre  of  a  metal.    It  is  of  a  mc 
derate  hardnefs,  though  fometimes  fo  friable  as 
be  pulverable  between  the  fingers.    It  contains  about) 
two-thirds  of  the  peculiar  calx  or  acid ;  and  thq 
3  Kfll 
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\  confifcs  chiefly  of  the  calces  of  manganefe  and  metallic 
If  either  of  thefe  minerals  be  pulverized-  and  v    ACl^Sm  j 
efted  in  the  vitriolic,  nitrous,  or  marine  acids  ('put  Procrfs  tor  ob- 
latter  is  the  raoft  effectual),  the  calcareous  earth  5' "uifgftln,"^ 
the  tungflen,  or  the  manganefe  and  iron  of  the  wolfrain« 
lfram,  which  lie  on  the.  external  furfaces  of  the  - 
tides,  \yill  be  diflblved;;  and  the  wolfram- calx, 
•ng  laid  bare,  will  exhibit  a  yellow  colour.  The. 
duum,  after  cdulcoration,  or  wafhing  with  water, 
ng  digefted  with  volatile  alkali,  the  wolfram  calx, 
acid>  will  be  taken  up,. ,or  extracted  from  the  iftwv< 
e,  in  the  fame  manner;,  the  yellow  colour' vanifn- 
;  at  the  fame  time.;.;  This  refidue,  after '-edulcora- 
i,  will  again  prefrnt  a  furface.  to  be  acxed  upon  by  • 
marine  acid,  which  will  feize  another  ftratum  of 
tides,  thatinflie  former  digeftion  were  defended 
the  wolfram  calx,  which  was  afterwards  taken  up 
the  volatile  alkali.   In  this' .manner,  by  the  alternate 
lication  of  volatile  alkali  and  marine  acid,  the 
leral  will  at  length  be  almofl  entirely  diflblved^ 
;  portions  of  acid  are  found  to  contain  either  the 
es  of  manganefe  and  iron,  or  elfe  calcareous  earth, 
ording  to  the  mineral  made  ufe.  of  ;  and  the  alka- 
i  folvent  contains  the  acid  of  wolfram.    The  addi- 
'.  of  nitrous  acid  to  this  laft  fluid  precipitates  a  fait 
.ch  has  acid  properties,  and  is  fparingly  foluble  in 
er.    The  firft  difcoverer  *  called  it  the  acid  of 
gften,  though  in  fa£fc  it  contains  both  volatile  zU 
i  and  nitrous  acid.    It  may  however  be  deprived 
thefe  laft  by  calcination,  and  is  then  of  xbrimftone 
ow  colour. 

;#  Schcclc. 
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metallic      The  yellow  colour  produced  by  applying  marine 
t    AC1DS'  j  or  nitrous  acid  in  a  digefting  heat,  affords  an  eafy 
method  of  diftinguifhing  fuch  minerals  as  contain 
wolfram. 

rrocefs  for  ob-      ]n  fa  foY  way.  jf  fa  vegetable  alkali  be  fufcd 

laming  inc  acid  ■       \  . 

of  tuncittn,  or  with  either  of  thefe  minerals,  it  takes  up  the  cah 
or  acid.  This  being  diffolved  in  water,  filtered,  and 
evaporated  to  drynefs,  muft  be  boiled  in  nitrous 
acid  on  a  fand  bath.  The  acid  takes  up  the  alkrdi, 
and  may  be  decanted  off.  '  A  repetition  of  this 
boiling  for  two  or  three  times  with  frefh  acid,  will 
effectually  carry  off"  the  whole  of  the  alkali ;  and 
the  adhering  acid  may  be  driven  off  by  calcina- 
tion in  a  cupelling  furnace.  The  powder  is  then 
yellow,  and  does  not  differ  from  that  obtained 
by  the  diftillation  of  volatile  alkali  in  the  moift 
way. 

Cb«ra£Hr3  of       This  matter  is  not  foluble  in  water ;  but  when 

the 

triturated  in  that  fluid  it  forms  an  emulfion,  which 
paffes  through  the  filtre,  and  does  not  completely 
fubfide  in  the  courfe  of  three  months.    This  d 
not  form  an  emulfion   with  acids.     Pure  vegel 
ble  alkali  diffolves  it,  as  has  been  already  obferved; 
but  the  produce  has  always  an  excefs  of  alkali.  If 
more  nitrous  acid  be  added  than  is  fufficient  to  fatu 
rate  the  alkali,  a  precipitate  falls  down,  which  con 
lifts  of  acid,  alkali,  and  wolfram  calx.    The  additioi 
of  lime  to  this,  or  to  the  precipitate  from  volatile 
alkali,  produces  a  regenerated  tungften,  or  combina 
tion  of  lime  with  the  wolfram  calx  or  acid;  and  th< 
alkali,  together  with  the  nitrous  acid,  are  found  u 
the  fupernatant  fluid. 
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feen  *  therefore  that  this  yellow  matter  is  either  metallic 


is  and  calcareous  earth. 

nic,  molybdena,  and  wolfram,  are  reducible  to 
tallic  ftate,  and  will  again  come  under  our 
on  when  we  treat  of  that  clafs  of  bodies. 

:  bed  account  of  this  fubftance  is  to  be  found  in  "  De 
Chemical  Analyfis  of  Wolfram,"  of  which  a  tranfla- 
printed  in  London,  178-5,  with  Scheele  and  Bergman's 

refixed. 


I,  or  in  a  ftate  nearly  approaching  to  acidity : 
:  combinable  with  acids,  and  unites  readily 
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SECTION  III. 
I  O  F   METALLIC  BODIES. 


CHAP.  I. 

CONCERNING  GOLD. 

OLD  is  a  yellow  metal,  of  much  greater  fpe-  gol«« 
cific  gravity  than  any  other  body  in  nature,     '   v 1  ■•  u 
)t  platina.    It  is  foft,  very  tough,  ductile,  and  Chafers  <tf 
iabk  \  unalterable  and  fixed,  whether  expofed  to  8°ld* 
atmofphere,  or  to  the  ftrongeft  heat  of  furnaces, 
moft  powerful  burning  mirrors  are  faid  to  have 
tilized  it  •,  and  it  has  been  driven  up  in  fumes,  in 
metallic  ftate,  by  flame  urged  upon  it  by  a  ftrea'm 
lephlogifticated  air.    The  eleftric  mock  converts- 
a  purple  calx,  as  may  be  feen  by  tranfmitting 

that 
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gold.  that  commotion  through  gold  leaf  between  twopl; 
Obvious*  proper-  of  glafs  5  ™  by  caufing  the  explofive  fpark  of  tl 
ties'  or  more  fquare  feet  of  coated  glafs  to  fall  upoi 

gilded  furface.  A  ftrong  heat  is  required  to  melt 
which  does  not  happen  till  after  ignition.  Its  col 
when  melted  is  of  a  blueifh  green ;  and  the  u 
colour  is  exhibited  by  light  tranfmitted  through  d 
leaf. 

Extreme  dufti-      The  limits  of  the  ductility  and  malleability  of 
luy  and  tenacity.  ^        known;  and  its  tenacity  exceeds  that  of 
other  metal.    A  gold  wire,  of  one  tenth  of  an 
diameter,  requires  5001b.  weight  to  break  it. 
Manufaaureof      The  method  of  extending  gold,  ufed  by  the  g 
gold  leaf.        beaters,  confifis  in  hammering  a  number  of  thin  n 
plates  between  fkins  or  animal  membranes.  By 
weight  and  meafure  of  the  belt  wrought  gold 
it  is  found  that  one  grain  is  made  to  cover  56I 
inches ;  and  from  the  fpecific  gravity  of  the 
together  with  this  admeafurement,  it  follows, 
—  its thidenefs.  the  leaf  itfelf  is  vr/oc?  part  of  an  inch  thick. 

however  is  not  the  limit  of  the  malleability  of  g 
for  the  gold-beaters  find  it  rieceflary  to  add 
grains  of  copper  in  the  ounce  to  harden  the 
which  otherwife  would  pafs  round  the  irrcgula 
of  the  neweft  Ikins,  and  not  over  them  ;  and  in  u 
the  old  flcins,  which  are  not  fo  perfect:  and  fmd 
they  proceed  fo  far  as  to  add  twelve  grains, 
cut  wire.  wire  which  is  ufed  by  the  lace-makers  is  drawn 
an  ingot  of  filver,  previoufly  gilded.  In  this 
from  the  known  diameter  of  the  wire,  or  bra 
when  flattened ;  and  its  length,  together  with 
quantity  of  gold  ufed ;  it  is  found  by  compute 
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at  the  covering  of  gold  is  Only  TV  part  of  the  thick- 
is  of  gold  leaf ;  though  it  ftill  is  fo  perfect  as  to 
4ibit  no  cracks  when  viewed  by  a  microfcope. 
yNo  acid  acts  readily  upon  gold  but  aqua  regia  and  Solvents, 
t  dephlogifticated  marine  acid.  The  vitriolic  acid 
tilled  from  manganefe  has  fome  action  upon  it ; 
nhave  likewife  the  pale  nitrous  acid,  and  the  phof- 
oric  acid  when  boiling. 

The  fmall  degree  of  concentration  which  the  de-    Aqua  regia. 
logifticated  marine  acid  is  fufceptible  of,  and  the 
perfect  action  of  the  latter  acids,  render  aqua  regia 

mod  convenient  folvent  for  this  metal. 
1  When  gold  is  immerfed  in  aqua  regia,  an  effervef-  Solution  of  gold, 
rice  takes  place  with  the  efcape  of  air,  which  has 
t  been  examined  ;  the  folution  tinges  animal  matters 
.  a  deep  purple,  and  corrodes  them.   By  careful  eva- 
raiion,  fine  cryftals  of  a  tcpa2  colour  are  obtained, 
le  gold  is  precipitated  from  its  folvent  by  a  great 
mber  of  fubftances.  Lime  and  magnefia  precipitate  Precipitates : 
an  the  form  of  a  yellowifh  powder.    Alkalis  exhibit  —  t>y  earths  anJ 
;  fame  appearance ;  but  an  excefs  of  alkali  redif-  alkalls " 
ves  the  precipitate.    The  precipitate  of  gold  ob- 
ned  from  aqua  regia  by  the  addition  of  a  fixed 
;ali,  appears  to  be  a  true  calx,  and  is  foluble  in  the 
riolic,  nitrous,  and  marine  acids  \  from  which  how- 
ler it  feparates  by  (landing,  or  by  evaporation  of 
e  acids.    The  nut  gall  precipitates  gold  of  a  reddifh 
lour,  very  foluble  in  the  nitrous  acid,  to  which  it 
sunmunicates  a  fine  blue  colour. 
The  volatile  alkali  precipitates  the  folution  of  gold  —  volatile  al- 
uch  more  readily  than  fixed  alkalis.    This  precipi-  kali* 
te,  which  is  of  a  brown,  yellow,  or  orange  colour, 

pofiefles 
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goi,©.      poffefles  the  property  of  detonating  with  a  very  con- 
PrSSuftion  of     finable  noife  when  gently  heated.    It  is  known  by 
fulminating -old.  the  name  of  .fulminating  gold.    The  prefence  of  vo- 
latile alkali  is  neceflary  to  give  the  fulminating  pro. 
perty  to  the  precipitate  of  gold  ;  and  it  will  be  pro- 
duced  by  precipitating  it  by  fixed  alkali  from  an  aqua 
regia  previoufly  made  by  adding  fal  ammoniaeH 
nitrous  acid,  or  by  precipitating  the  gold  from  pu« 
aqua  regia  by  means  of  fal  ammoniac  in  Head  of  the 
volatile  alkali  alone.    The  fulminating  gold  weighij 
one  fourth  more  than  the  gold  made  life  of.    A  con.j 
fidsrable  degree  of  precaution  is  neceffary  in  prepay 
ing  this  fubftance.    It  ought  only  to  be  dried  fa 
the  open  air,  at  a  diftance  from  a  fire,  becaufe  a 
very  gentle  heat  may  caufe  it  to  explode.  Sew 
fatal  accidents  have  arifen  from  its  explofion,  in  d 
fequence  of  the  friction  of  ground  ftoppers  in  bot 
containing  this  fubftance,  of  which  a  fmall  portii 
remained  in  the  neck. 
—  Analyfis.         Fulminating  gold,  when  expofed  by  Berthcllet 
a  very  gentle  heat  in  a  copper  tube,  with  the  pi 
Paje  50.      matical  apparatus  of  mercury,  was  deprived  of 
fulminating  quality,  and  converted  into  a  calx,  at 
fame  time  that  alkaline  air  was  difengaged.  Fit 
this  dangerous  experiment  it  is  afcertained  that 
minating  gold  confifts  of  calx  of  gold,  combine 
with  the  volatile  alkali.  The  fame  eminent  philofophej 
caufed  fulminating  gold  to  explode  in  copper  vefielj 
Phlogifticated  air  was  difengaged,  a  few  drops  of  w; 
appeared,  and  the  gold  was  reduced  to  the  metal!| 
form.  From  this  experiment  he  infers  that  the  volati) 
alkali  was  decompofedj  that  the  phlogifticated  air,  fucj 

denlf 
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nafk,  with  holes  for  the  eyes  defended  with  ftrong  silver. 

The  volatile  alkali  "made  ufe  of  in  converting  the  laminating 
c  of  filver  into  the  black  precipitate,  was  expoied 
.bullition  in  a  fmall  matrafs  of  glafs  ;  and  the  fluid 
:ig  then  fuffered  to  cool,  the  infide  of  the  veflel 
ame  lined  with  fmall  cryftals.  When  one  of  tliefe 
;  touched  beneath  the  cold  liquid,  an  explofion  took 
t:e,  which  broke  the  matrafs  in  pieces,  and  threw 
liquid  up  to  the  ceiling  of  the  laboratory. 

The  inventor's  theory  of  thefe  effedts  is  the  fame  Theory  of  th« 
that  of  fulminating  gold.    The  combination  con-  page  22$ : 
;  of  volatile  alkali  and  calx  of  filver ;  that  is  to 
,  in  the  new  theory,  of  inflammable  air,  phlogifti- 
id  air,  filver,  and  vital  air.    The  flighteft  change 
temperature  ox  agitation  difpofes  the  inflammable 
to  combine  with  the  vital  air,  which  adheres  very 
)Iy  to  the  filver.    Thefe  form  water,  while  the 
jgifticated  air  is  difengaged,  and  the  filver  reduced 
he  metallic  ftate.    The  explofion  depends  on  the 
ien  tranfition  of  the  phlogifticated  air  and  the 
sr  to  the  eiaftic  ftate  by  heat:  but.  the  change 
:apacity  from  which  the  heat  arifes  has  not  yet 
1  explained.    On  the  phlogiftic  theory,  it  will  be  —  by  the  PhIoi 
that  the  filver  is  revived  by  combining  with  the  Slft'C  hyF°thefls' 
immable  air,  or  phlogifton  of  the  alkali ;  while  the 
)gifticated  and  vital  air  fly  ofT  in  the  explofion, 
t  is  a  valuable  difcovery  of  Mr.  Keir*,  that  a  mix-  keir's  con?* . 
S  of  ftrong  vitriolic  acid  with  the  nitrous  acid,  or 
is  a  powerful  folvent  of  filver,  tliough  ft  fcarcely 

*  Phil.  Tranf.  1780.  p.  367. 
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siLVF.it.  acts  upon  the  other  metals.  This  is  of  confiderable  fag, 
portance  in  the  Birmingham  manufactures,  where  the 
filver  in  the  cuttings  of  plated  copper  is  required  to 
be  feparated  from  this  laft  metal.  For  this  purpofe 
the  pieces  of  metal  are  put  into  a  glazed  earthen  pan, 
and  a  compofition  of  eight  or  ten  pounds  of  oil  oi 
vitriol,  with  one  pound  of  nitre,  is  poured  upon  them, 
ftirred  about,  and  the  action  of  the  fluid  aflifted  by 
a  heat  between  ioo°  and  2000  of  Fahrenheit.  When 
the  liquor  is  nearly  faturatedv  the  filver  is  to  be  preci- 
pitated by  common  fait,  which  may  be  eafily  after- 
wards reduced ;  or,  otherwife,  the  filver  may  be  pre- 
cipitated in  its  metallic  ftate  by  adding  to  the  folution 
%  few  of  the  pieces  of  copper,  and  a  fufncient  quan* 
tity  of  writer,  which  enables  the  liquor  to  act  on  the 
copper.  The  theory  of  this  effe£t.  ftill  remains  to 
inveftigated. 

Sulphur  combines  readily  with  filver  in  the  dry  M 
But  may  be  feparated  by  a  ftronger  heat.  The 
phur  of  liver  of  fulphur  likewife  blackens  filver, 
combines  with  it,  whether  the  filver  be  immerfed 
the  liquid  folution,  or  expofed  to  hepatic  air. 
Aftion  of  a^ua      Aqua  regia  acts  ftrongly  on  filver ;  but  precipitat 
rcgiaupon  Wer.         ^  form  Gf  iUna  cornea  as  faft  as  it  is  dinbtoe 
This  effe£r,  may  be  eafily  underftood  by  confiderir 
that  the  nitrous  acid  diflolves  the  filver,  and  the  m 
tine  precipitates  it. 

The  neutral  falts  alone  do  not  alter  filver  either 
tjje  moift  or  dry  way ;  nitre,  in  particular,  does  ni 
deflagrate  with  this  metal. 
Precipitation  of      Moft  metallic  fubftances  precipitate  filver  in 
ijtvcr  by  wkfr.  mgtaI^  ftat(,  £rom  its ,  foiution.    The  aflayers 
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le  of  copper  to  feparate  the  filver  from  the  nitrous  siLver. 

cid  ufed  in  the  procefs  of  parting.    The  precipita-  '  * 

on  of  filver  by  mercury  is  very  flow,  and  produces 

peculiar  fymmetrical  arrangement,  called  the  tree  of  Tree  of  Diana. 

liana.    In  this,  as  in  all  precipitations,  the  peculiar 

jrm  may  be  affe&ed  by  a  variety  of  concomitant 

rcumftances ;  for  which  reafon  one  procefs  ufually 

icceeds  better  than  another.    Lemery  directs  that  Procefs  of  Xe- 

r  rr  •  rnery. 

i  ounce  of  fine  filver  be  diflblved  in  a  fufhcient 
uantity  of  very  pure  and  moderately  ftrong  nitrous 
:id  •,  that  this  folution  be  mixed  in  a  matrafs,  or 
Dttle,  with  about  twenty  ounces  of  diftilled  water  ; 
nd  that,  after  the  addition  of  two  ounces  of  mer- 
jry,  the   whole  be   fuffered  to  repofe.  During 
le  fpace  of  forty  days  a  kind  of  tree  of  filver  will 
formed  on  the  furface  of  the  mercury,  with 
ranches  greatly  refembling  a  vegetable  fubftance  in 
s  ramifications.    The  foregoing  procefs  is  faid  by 
lacquer  to  fucceed  very  well ;  but  the  following,  of 
omberg,  is  much  fhorter. 

I  Make  an  amalgam,  without  heat,  of  four  dramS  of  Homherg*s  pro- 

f    r-i  •  i_  i  c  ta'/t-  i      cefs  for  making 

ir  hlver,  with  two  drams  or  mercury.    Diiiolve  thetreeof  Dian»» 
1-is  amalgam  in  four  ounces,  or  a  fufficient  quantity 
pure  nitrous  acid  of  a  moderate  ftrength  ;  dilute 
|  is  folution  in  about  a  pound  and  a  half  of  diftilled 
iter;  agitate  the  mixture,  and  prcferve  it  for  ufe 
a  glafs  bottle,  with  a  ground  ftopper.    When  this 
eparation  is  to  be  ufed,  the  quantity  of  one  ounce 
put  into  a  phial,  and  the  fize  of  a  pea  of  art  amak 
im  of  gold  or  filver,  as  foft  as  butter,  is  to  be  added ; 
ter  which  the  veflel  muft  be  left  at  reft.  Soon 
terwards  fmall  filaments  appear  to  iflue  out  of  the 

R  2  bail 
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silver.     ball  of  amalgam,  which  quickly  increafe,  and  (hoot 

'  out  branches  in  the  form  of  fhrubs. 

Theorem  ob-      In  the  above  experiment  of  Lemery  the  nitrous 
fcrvatbns.        ^  depofits  ^  filver  at  the  fame  time  that  it  take* 
up  mercury;  and,  m  confequence  of  the  liquor  being 
fo  much  diluted,  the  procefs  goes  on  (lowly,  and  the 
precipitated  Giver  ha*  time  to-  arrange  itfelf  accordmg 
Page  8,.     to  the  law  of  its  cryftallization,  whether  that  depend 
on  the  polarity  of  its  particles,  or  on  any  other  Pnv 
petty  not  yet  explained.    In  the  method  of  Romberg 
there  are  two  eircumftances  which  appear  calculated 
to  forward  the  procefs :  in  the  firft  place,  the  nitre* 
acid  already  contains  mercury  in  folution,  which  may 
probably  render  it  more  difpofed  to  part  with  the  Hived 
and,  in  the  next  place,  the  mercury  is  combined  with 
u'lver  or  gold-  in  the  form  of  an  amalgam.  Thefcj 
may  perhaps  facilitate  the  precipitation  of  the  filver, 
by  prefenting  a  bafe  for  it  to  combine  with;  w^ 
may  be  more  perfeaiy  at  repofe,  becaufe  lefs  agitf 
than  the  fluid  mercury  in  the  former  experim 
After  all,  however,  though  the  general  theory  of  th<r 
"experiment  is  not  difficult,  yet  it  does  not  feem  eaf; : 
to'point  outtheeffeaual  caufe  of  the  differences  be 
tween  the  two  refults. 
Combination,  of    Silver  unites  with  gold  by  fufion,  and  forms  J. 
liWer;  with         jc  ^Mayy  as  has been  already  mentioned  in  treatmj 
-thh  platina  :  of  that  metal.    With  platina  .it  forms  a  hard  mh 
ture,  rather  yellower  than  f.lver  itfelf,  and  of  dift  | 
cult  fufion.  *  The  two  metals  do  not  unite  wel 
Silver  melted  with  one  tenth  part  of  crude  platm 
from  which  the  ferruginous  particles  had  been  fep 
rated  by  a  ftrong  magnet,  could  not  be  render 
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lear  of  fcabrous  parts,  though  it  was  repeatedly  fu'fed,  silver; 

oured  out,  and  laminated  between,  rollers.    It  was  *  * 

ben  fufed,  and  fuffered  to  cool  in  the  crucible,  but 

;ith  no  better  fuccefs.    After  it  had  been  formed,  by 

oiling  and  hammering.,  into  a  fpoon  for  blow-^tpe 

xperiments,  it  was  expofed  to  a  low  red  heat,  and 

ecame  rough,  and  bliftered  over  its  whole  furface. 

"he  quantities  were  one  hundred  grains  of  filver, 

nd  ten  grains  of  platina.    Nitre  was  added  during 

tie  fufions. 

Silver  very  readily  combines  with  mercury.    A  Combinations  of 
ery  fenfible  degree  of  heat  is  produced  when  filver  CTU™ .  1    m  1 
;af  and  mercury  are  kneaded  together  in  the  palm  of 

ie  hand.    With  lead  it  forms  a  foft  mafs,  lefs  fono  with  lej.d : 

dus  ■  than  pure  filver.  With  copper  it  becomes  —with  copper : 
arder  and  more  fonorous,  at  the  fame  time  that  it 
■mains  fufEcientlv  ductile.:  this  mixture  is  ufed  in 
tie.  Britim  coinage.  Fifteen  parts  of  filver,  alloyed 
rith  one  of  copper,  form  the  compound  called  land- 
ed filver.  The  mixture  of  filver.  and  iron  has  been 
ttle  examined.  With  tin  it  forms  a  compound  —with  tin,  &c. 
'hich,  like  that  of  gold  with  the  fame  metal,  has* 
een  faid  to  be  brittle,  however  frnall  the  proportion  ; 
lough  there  is  probably  as  little  foundation  for  the 
iTertion  in  the  one  cafe  as  in  the  other.  With 
ifniuth,  arfenic,  zinc,  and  antimony,  it  forms  brittle 
ompounds.  Jt  does  not  unite  with  nickel.  The 
ompound  of  filver  and  wolfram,  in  the  proportion 
f  two  of  the  former  to  one  of  the  latter,  was  ex- 
mded  under  the  hammer  during  a  few  ftrokes  j  but 
fterwards  fplit  in  pieces. 

R  3  .Silver 
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silver.        Silver  is  found  either  native  or  mineralized.  The 


Naiivefiivei  and  nat^ve  filver  is  found  in  Peru,  and  various  parts  of 
its  ores.  Europe  ;  fometimes  in  conGderable  mafles,  and  ofteq 

diffufed  through  fand,  ochre,  or  lime-ftone.  It  is 
feldom  pure,  but  is  generally  alloyed  with  copper, 
and  fometimes  with  gold,  iron,  or  regulus  of  anti* 
mony.  The  mineralized  filver  contains  fulphur  and 
arfenic,  or  both,  with  other  admixtures. 

Purifying  of  na-     Native  filver  may  be  purified  by  pounding  or  walh- 

tiVefilvcr-  i         •        •  u  j  \  n 

ing,  or  amalgamation  with  mercury ;  and  the  hlver 

itfeif  is  refined  by  cupellation  with  lead  in  the  fame 

manner  as  gold.    In  the  large  way,  the  litharge,  or 

'vitrified  lead,  is  blown  from  the  furface  of  the  filver b 

by  bellows,  inflead  of  foaking  into  the  crucible.    Gold  I 

may  be  feparated  from  filver  by  parting  with  aqual 

regia,  or  treatment  with  fulphur  in  the  dry  way,l 

which  combines  with  the  filver,  and  leaves  the  gold 

difengaged. 

Vitreous  ore  of      The  vitreous  filver  ore  is  the  richeft  ore  of  fil 
,  and  contains  from  feventy  to  eighty  pounds  of  filvcj 

in  the  hundred  weight  j  the  reft  being  fulphur,  withl 
•  rarely  any  other  metal,  except  a  fmall  portion  of  ironj 
It  is  found  either  in  folid  large  lumps,  or  inhered 
in  quartz  or  fpar.    Its  colour  generally  refembles  tha' 
cf  lead ;  but  grows  dark  by  expofure  to  the  air.  I 
ufually  pofTefies  a  flight  degree  of  malleability,  and  1 
fufliciently  foft  to  be  cut  by  a  knife. 
Analyfis  in  the      To  analyfe  this  ore  in  the  moift  way,  it  may  bj 
ir.oiftvvay:        boijed   {n  njtrous  zc\^  acidifies  the  fulphuj 

and  caufes  great  part  to  fly  off  in  the  form  of  vitriol 
acid  air.    Common  fait,  or  marine  acid,  will  prec 

pitai 
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>ltate  the  filver  in  the  form  of  luna  cornea,  which  silver. 
nay  be  either  reduced  or  accounted  for  by  deducting  V  * 
ne  fourth  of  its  weight  when  warned  and  dried, 
'hich  fourth  of  its  weight  is  marine  acid. 
In  the  dry  way,  it  may  be  reduced  by  -expofing  it  —  in  the  dry 

0  a  heat  not  fufficient  to  melt  it.    In  this  way  the  *ay* 
alphur  is  diflipatsd,  and  the  filver  remains  ufually 

1  a  fibrous  form.  Small  portions  may  be  conve- 
niently decompofed  in  this  manner  by  the  blow-pipe 

pon  charcoal. 

The  red  filver  ore  rs  a  heavy  mining  fubftance,  Red  filver  ore. 
ither   tranfparent   or    opake ;   fometimes   grey  or 
lackifh,  but  always  reddifh  when  powdered :  it  ufu- 
lly  contains  more  than  half,  and  fometimes  ^  of  its 
-eight  of  filver,  the  reft  being  arfenic  and  fulphur. 
In  the  moifl  way,  this  ore  is  analyfed  by  reducing  Analyfis  in  the 
to  fine  powder,  and  boiling  it  with  diluted  nitrous  m°lft  "ay" 
:id.  .  The  refidue,  which  contains  the  fulphur  and 
ae  arfenic,  muft  be  edulcorated  with  water;  and  the 
feme  may  be  difiblved  by  boiling  in  a  fufficient 
aantity  of  aqua  Tegia     If  the  fulphur  mould  retain 
ry  luna  cornea,  it  may  be  feparated  by  keeping  it 
>r  fome  days  in  a  clofed  veflel,  with  its  own  weight 
diluted  cauftic  volatile  alkali.    The  clear  nitrous 
•lution  being  mixed  with  the  water  ufed  in  the  eduf- 
)ration,  afFords  a  precipitate  of  luna  cornea  by  the 
dttion  of  fea  fait,  which  may  either  be  reduced  or 
counted  for  in  the  fame  manner  as  in  the  afiay  of 
le  vitreous  filver  ore. 

Silver  united  with  fulphur,  arfenic,  and  copper,  is  White  are  of 
morally  called  the  white  ore  of  filver.  One  hundred  filver  anal>'fcd* 
aijjs  of  this  being  reduced  to  a  powder,  and  gently 

R  4  -boiled 
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silver.     boiled  for  an  hour  in  more  than  twelve  times  its  wei-'h* 
of  diluted  nitrous  acid,  the  copper  and  filver  are  dif« 
folved,  and  a  white  refiduum  remains.    The  filver  if 
precipitated  in  the  metallic  form  by  the  immerfioa 
of  a  clean  plate  of  copper ;  and  the  copper  being 
afterwards  precipitated  by  the  addition  of  volatile  |l 
alkali,  may  be  accounted  for  by  allowing  104  grains  of  !| 
the  precipitate  to  one  hundred  of  the  copper,  and  If 
deducting  the  lofs  fuftained  by  the  plate  of  copper  > 
which  was  immerfed  in  the  folution.    The  white  refi-  j( 
duum  may  be  deprived  of  its  arfenic  and  iron  by  j' 
boiling  in  marine  acid.    The  arfenic  may  be  preci-  I 
pitated  by  the  addition  of  water;  and  afterwards  the  I' 
iron,  if  any,  by  Prulhan  alkali.    The  undiflblved  ful-  If] 
phur  may  be  treated  with  volatile  alkali,  to  try  whe-.  jl 
ther  it  contains  either  copper  or  luna  cornea, 

The  other  ores  of  filver,  of  which  there  is  confi- 1*  • 
derable  variety,  maybe  analyfed  by  varying  the  pro- J?- 
cefles  according  to  the  fuppofed  or  known  general!* 
contents  of  the  ore  *. 
Method  of aflay-     Sulphureous  and  arfenical  filver  ores  may  be  aflayedl I : 
ores,1  in ^heVry  by  roafting  and  fubfeqnent  fufion  with  a  greater  orlj 
way*  lefs  quantity  of  flux.    In  the  fufion,  the  filver  is  om] 

tained  alloyed  with  lead, 
Sec  page  231.    be  feparated  by  cupellatic 

left  pure.    The  finenefs  of  filver  is  denoted  by 
aflayers,  by  mentioning  the  number  of  pennyweight^  I 
and  grains  of  pure  filver  contained  in  the  ounce.  | 


ill    LI  11.     lUliUil,    UiC    lllltl     13    ULi-l  •  ■ 

1,  copper,  or  iron,  which  maw  1 
ition  with  lead,  and  the  filves  I 
fs  of  filver  is  denoted  bv  thq  I 


*  For  -which  confult  Bergman's  Trcatife  on  the  Art  of  Afl  ' 
jng  in  the  Humid  Way,  inferted  in  the  zd  vol.  of  the  Eng 
tranflation  of  his  Opufcula,  or  Efiays^ 
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at  if  an  ounce  of  filver  be  found  to  lofe  half  a  silver. 
nnyweight  by  cupellation,  it  is  faid  to  be  eleven  * 
nnvweights  twelve  grains  fine ;  if  it  lofe  a  whole 
nnyweight,  it  is  faid  to  be  eleven  pennyweights  fine, 
c.    Silver  is  likewife  tried  by  the  touch,  in  the  fame  Page  231,  234, 
inner  as  gold.    For  this  purpofe,  the  aflayers  are  by  uxe  touch, 
ovided  with  a  fet  of  needles  or  fmall  bars  \  the  firft 

which  contains  ^  part  of  its  weight  of  copper, 
d  the  reft  filver;  the  fecond  contains  T\-  parts  of 
pper ;  the  third  T\  parts ;  and  fo  on  to  the  laft, 
hich  contains  15  parts  of  copper  to  one  of  filver. 
V  the  refemblance  of  colour  on  the  touchftone,  an 
tiniate  may  be  made  of  the  finenefs  of  the  filver  to 
mething  nearer  than  the  30th  part  of  the  whole, 
hich  is  a  confiderable  acquifition  in  the  examination 

fmall  articles,  fuch  as  rings,  trinkets,  and  the  like. 

is  true  indeed  that  the  ufe  of  the  touch  fuppofes 
e  precious  metal  to  be  alloyed  with  copper  only, 
hich  may  not  be  the  cafe ;  and  confequently  the 
Payer  is  liable  to  be  deceived  in  this  refpecl: :  but 
i  may  in  this  cafe  have  recourfe  to  aqua  fortis,  or 
e  blow-pipe,  in  the  fame  manner  as  directed  in  the 
regoing  chapter. 

I  In  the  large  works,  where  filver  is  extracted,  the  Extraftionof  fii- 
•ocefles  are  grounded  on  the  properties  already  de-  JJJ  f™£  way,  by 
ribed.    Native  filver  is  triturated  with  mercury ;  amaIEamatioI>  '• 
:  ter  which  the  amalgam  is  wafhed,  >to  feparate  the 
I  irthy  particles  ;  and  the  quickfilver  feparated,  partly 
I  y  preffurc  in  leathern  bags,  and  partly  -by  diftillation 
1  iron  retorts. 

I  Rich  fulphureous  ores  are  roafted,  and  fufed  with-byfir^ 
I  ad,  tc  refine  the  filver  by  cupellation.    The  poorer 

ores. 
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silvkr.  ores,  which  Contain  copper,  are  fufed  with  pyrites, 
v  which  affords  a  mafs  conliiting  of  copper,  fulphur,  and 
filver.  Lead  is  then  added,  and  the  mafs  treated  in 
the  way  of  eliquation.  The  lead  flows  out,  carrying 
the  filver  with  it;  and,  laftly,  thefe  two  metals  arc 
feparated  by  the  teft,  on  which  the  lea,1  is  converted 
into  litharge,  and  the  filver  remains  pure. . 
Ufes  of  filver.  The  ufes  of  filver  are  well  known  :  it  is  chiefly 
applied  to  the  forming  of  various  utenfils  for  domeftic 
ufe,  and  as  the  medium  of  exchange  in  money.  It» 
difpofition  to  affume  a  black  colour  by  tarnifhing,  and 
its  foftnefs,  appear  to  be  the  chief  objection  to  its  ufe 
in  the  conftru&ion  of  graduated  inftruments  for  aftro- 
iiomical  and  other  purpofes,  in  which  a  good  white 
metal  would  be  a  defirable  accvuifition. 
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CONCERNING  PLATINA. 

I  jATINA  is  one  of  the  metals  for  the  difcovery  platina. 
j:  of  which  we  are  indebted  to  our  cotempora-  chara£krs  of  * 

It  has   yet   been    found   only   in   Spanifli  platir»a. 
|::rica,  among  the  gold  mines  there.    We  receive 
J:  the  form  of  fmall  particles,  from  the  minuteft 
I  up  to  that  of  a  pea ;  though  thefe  laft  are  very 
rrni  met  with.    Its  particles  or  grains  are  fmooth, 
I  ;ularly  figured  with  round  edges,  and  are  flattened, 
[.•ably  by  hammering  in  the  mills  in  which  the 
.  is  amalgamated.    Thefe  grains  are  of  a  whiter  Crude  plating, 
t  ur  than  iron,  and  are  confidcrably  malleable.  In 
:ftate  in  which  we  receive  them,  they  are  often  mix- 
!  nth  ferruginous  fand,  which  may  be  feparated  by 
fimagnet  j  and  alfo  with  grains  of  quartz  or  cryflal. 
m  it  is  feparated  from  heterogeneous  particles, 
i  crude  platina  itfelf  is  flightly  magnetic,  and  is 
veen  fixteen  and  eighteen  times  as  heavy  as  water. 
:  mod  violent  fires  are  infufhcient  to  melt  it, 
lgh  its  parts  may  be  made  to  cohere  together  into 
lid  button  by  the  flrong  heat  of  a  wind  furnace, 
ning  lenfes  of  the  moft  powerful  kind  fufe  it,  and 
vert  it  into  a  malleable  metal ;  and  fmall  portions 
crude  platina  may  be  eafily  melted  upon  charcoal, 
flame  urged  by  a  ftream  of  vital  air. 

Jure  or  refined  platina  is  by  much  the  heaviefl  Pure  platina, 
ly  in  nature.    It  is  very  malleable,  though  confi- . 

derably 


252 


SOLUTIONS  OF  PLATINA. 


— V  '  " 

Characters  of 
f  l.itina. 


Welding. 


Solution  in  de 
phlcgillicated 
marine  acid : 


pi.atin  a.  derably  harder  than  either  gold  or  filver;  and  it  hard*] 
much  under  the.  hammer.  Its  colour  on  the  tou<U 
(tone  is  not  diftinguifhablc  from  that  of  filver.  AVlj.j 
in  the  higheft  degree  of  purity,  it  is  not  mag*] 
tical ;  but  when  its  fpecific  gravity  is  as  low  M 
21.36  it  contains  iron  fufficient  to  render  it  magiy 
tical.  Pure  platina  requires  a  very  llrong  heat  J 
melt  it;  but  when  urged  by  a  white  heat,  it  is  £U 
that  its  parts  will  adhere  together  by  hammeri: 
This  property,  which  in  iron  is  diftinguifhed  by 
name  of  welding,  is  peculiar  only  to  platina  and  t 
metal,  which  refemble  each  other  likewife  in  rl 
1  infufibility. 

Platina  is  not  altered  'by  expofure  to  air  ;  neith 
it  acled  upon  by  the  moft  concentrated  fimple  9 
even  when  boiling,  or  diftilled  from  it.    The  dep! 
gifticated  or  aerated  marine  acid  dinolves  it,  as. 3 
likewife  aqua  regia ;  and  both  are  faid  to  form 
fame  falts  with  it.    In  this  particular  of  folutaH 
"  platina  refembles  gold. 

The  aqua  regia  bed  adapted  to  the  folutionJB 
-platina  is  compofed  of  equal  parts  of  the  nitrous  a  1 
marine  acids.    The  folution  does  not  take  place  w9 
rapidity.    A  fmall  quantity  of  nitrous  air  is  dhf'i 
gaged ;  the  colour  of  the  fluid  becoming  firft  yelltj 
and  afterwards  of  a  deep  reddifh  brown,  which,  ujj» 
dilution  with  water,  is  found  to  be  an  intenfe  yellcjf 
This  folution  is  very  corrofive,   and  tinges  aniij 
matters  of  a  blackifh  brown  colour  :  it  affords  c 
fBttfa&ive  cha-  tals  by  evaporation.    The  metal  is  precipitable  £ 
.i-acur.  -t-s  f0iation  by  fai  ammoniac  ;  a  property  by  whicl 

is  diftinguiflied  from  all  other  metals,  in  the  fa 

max 
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ner  as  the  folution  of  gold  is  characterized  by  its  platina. 
ipitation  upon  the  addition  of  martial  vitriol.    In  Separation  of  "* 

wav,  a  compound  folution  of  gold  and  platina  ?°ld  ir°m  pla- 

,  1       ....       .  ,       a-  ,  fina. 
be  feparated  by  precipitating  either  of  the  two 

ds  at  pleafure.    The  orange-coloured  precipitate 

latina,  obtained  by  mea/is  of  fal  ammoniac,  is  a 

e  fubftance,  completely  foluble  in  water ;  but  its 

Donent  parts  have  not  been  well  afcertained.  It 

.able  without  addition  by  a  good  forge  furnace, 

forms  a  brilliant,  denfe,  and  clofe -grained  button, 

:h  is  not  malleable,  probably  on  account  of  part 

:he  faline  fubftance  not  being  diflipated.     The  Malleable  pi*. 

1  precipitate,  expofed  to  the  ftronger  heat  of  a  tin:u  . 

furnace,  was  fufed  into  a  perfectly  malleable 

lus*.  •  •..-/•  - 

dkalis  and  the  foluble  earths  precipitate  platina  in  Precipitates. 

form  of  a  calx  from  its  folution.    The  Pruffian 

i  hereafter  to  be  defcribed  does  not  precipitate 

>  it  does  all  other  metals }  but  it  throws  down 

:mtiful  blue  precipitate,  confiding  of  iron,  which 

contained  in  the  Pruflian  blue.     This  property 

efore  affords  a  method  of  feparating  the  iron 

\  platina,  which  always  contains  it.    The  vola- 

IBy  the  Count  dc  Mifly.    See  Magellan's  Cronftedr,  page 
■—I  have  feveral  fmall  fpecimens  of  this  platina,  which  is 
lin  plates  or  bars;  their  fpecilk  gravity  is  above  n{;  i» 
h  I  do  not  pretend  to  a  greater  accuracy  than  ^^th  part  of 
'weight,  becaufe  the  quantities  are  fo  fmall.    It  is  perfectly 
cable,  hard,-  and  elaftic,  and  obeys  a  ftrong  magnet  when 
pieces  are  floated  upon  water:  one  fmall  piece  which  w?f» 
1  by  barker's  lens  is  not  at  all  magnetical,  and  fecms  to  ex- 
2i  in  fpecific  gravity. 

tile 
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platina.    tile  alkali  precipitates  platina  of  an  orange  yellow 
v       ,  lour.    Neutral  falts,  with  bafe  of  fixed  alkali,  do 
precipitate  it. 

Precipitate*.  Moft  of  the  metals  precipitate  platina  from  its 
lution  •,  but  it  does  not  in  general  fall  down  in 
metallic  ftate. 

This  metal  is  not  affected  in  the  dry  way  by 
line  fubftances.    Calx  of  arfenic  facilitates  its  fi 
and '  the  femi-metal  forms  a  brittle  compound 

Crucibles  of  pla-  the  platina.    Mr.  Achard  fucceeded  in  making  cr 

bles  of  platina,  by  fufing  equal  parts  of  platina,  w 

arfenic,   and  vegetable  alkali.    This  matter, 

cooled,  was  reduced  to  a  powder,  and  rammed  H 

the  mould  of  the  vefiel  intended  to  be  formed.  II 

ftrong  heat,  quickly  raifed,  and  continued  for  f| 

time,  fufed  the  mafs  ;  and,  after  diflipating  the  a 

and  the  alkali,  left  the  platina  in  the  form  defired. 

Combinations  of  Platina  does  not  readily  combine  with  cold, 
mculs.  .    ;  b  ' 

by  a  ftrong  heat ;  and  it  greatly  debafes  the  colo 

that  metal :  it  does  not  readily  unite  with  filve: 

which  however  it  communicates  part  of  its 

nefs,  while  it  impairs  its  colour  and  brilliancy}! 

altogether  refills  the  action  of  mercury;  or  atl 

this  mutual  adHon  does  not  feem  to  be  ftronger 

that  of  mercury  and  iron.    Lead  and  platina  ) 

very  well  by  fufion ;  the  lead  becomes  muchi 

ductile,  and  even  brittle,  according  to  the  proporjj 

Cupellation.      Gf  the  platina.    In  the  attempts  to  cupel  platina 

lead,  the  procefs  went  on  as  it  does  ufually  with 

and  gold  in  the  beginning ;  but  as  foon  as  a  cof 

rable  portion  of  the  lead  was  diffipated,  the  pi 

fixed,  and  the  operation  ceafed.    But  with  a  ftr< 
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t,  fuch  as  that  of  a  porcelain  furnace,  the  opera-  plat  in  a. 
:  may  be  completed,  and  malleable  platina  obtained  Combinations 

from  lead.    It  has  not  been  united  with  forged  wilh  meuls* 
.  ;  but  with  caft  iron  it  formed  a  brittle  compound, 
.h  copper  it  melts  with  considerable  facility  •,  anil 
..ue  proportions  forms  a  compound  which  takes  a 
'  beautiful  polilh,  and  is  not  fubje£t.  to  tarniih  : 

has  been  ufed  for  the  mirrors  of  reflecting  tele- 
xes.   Tin  and  platina  melt  very  eafily,  and  form  a 
pound,  fcarcely  ductile  when  the  tin  abounds, 
very  brittle  when  the  platina  predominates.  Bif- 
:h  and  antimony  unite  with  platina  by  fufion,  and 
n  brittle  compounds,  which  do  not  promife  to  be 
my  confiderable  utility.    Zinc  likewife  combines 
lily  with  it,  and  renders  it  very  fufible ;  this  alloy 
rittle,  hard,  and  of  a  blueiih  colour.    Wolfram  can 
cely  be  brought  to  {hew  any  fign  of  union  with  ' 
iina.    Cobalt,  manganefe,  and  molybdena  have  not 
l  tried. 
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CONCERNING  MERCURY. 


MERCURY. 


Characters  of 
mercury. 


Precimtate  per 
fe. 


TV  yTERCURY  is  diftinguifhed  from  all  other  ra 
by  its  extreme  fuiibility,  which  is  fuch 
it  does  not  take  the  folid  ftate  until  cooled  to 
thirty-ninth  degree  below  o"  on  Fahrenheit's  th 
meter  ■,  and  of  courfe  it  is  always  fluid  in  the  tern 
perate  climates  of  the  earth.  Its  colour  is  white,  an 
rather  bluer  than  filver.  In  the  folid  ftate  it  is 
leable  * ;  its  fpecific  gravity  is  greater  than  th 
any  of  the  other  metals,  platina,  gold,  and  wo 
excepted.  It  is  volatile,  and  rifes  in  fmall  portion 
at  the  common  temperature  of  the  atmofphere,  a 
evinced  by  feveral  experiments,  more  efpecially 
vacuum,  fuch  as  obtains  in  the  upper  part  of  a 
meter  tube.  At  the  temperature  of  about  fix 
dred  degrees  it  boils  rapidly,  and  rifes  copioufly  I 
fumes.  Few  of  the  other  metals  melt  at  fo  low 
temperature  as  the  boiling  point  of  mercury.  Wh< 
expofed  to  fuch  a  heat  as  may  caufe  it  to  rife  quick 
in  the  vaporous  form,  it  gradually  becomes  convert 
into  a  red  calx,  provided  vital  air  be  prefent.  This  1 
known  by  the  name  of  precipitate  per  fe.  A  great 
heat  however  revives  this  metallic  calx,  at  the  fan 
time  that  the  vital  air  is  again  extricated. 

:';  The  reader  will  find  an  ample  account  of  the  freezing! 
qufckfilver  in  Dr.  Blagden's  Hiitory,  Vol.  LXXIII.  of  j 
£,hilcfophical  TranfadYions. 

3  Mercij 
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Mercury  is  not  perceptibly  altered  by  expofure  to  J^^J, 
air ;  though  by  long  agitation,  with  accefs  of  air,  charaa£r5. 
oecomes  converted  into  a  black  powder  or  calx, 
icfc  gives  out  vital  air  by  heat,  the  metal  being  at 
fame  time  revived.    This  metal  is  difpofed  to  at- 
St  moifture ;  and  cannot,  for  that  reafon,  be  ufed 
the  conftruttion  of  barometers  and  thermometers 
il  it  has  been  firft  boiled  in  an  open  vefiel  for  the 
:e  of  about  half  an  hour. 

tfhen  mercury  is  agitated  in  a  dry  glafs  bottle,  the  Eleftric  light. 
Won  between  the  metal  and  the  glafs  produces 
itricity.    If  the  bottle  be  imperfectly  exhaufted, 
:  electricity  paffes  into  the  vacuum,  and  produces 
.Ight  which  was  formerly  thought  to  be  a  proof  of 
perfe£tion  of  the  vacuum  in  the  upper  part  of 
Dmeter  tubes ;  but  which  in  fad:  does  not  appear 
uch  barometers  as  have  been  cleared  of  air  by  care- 
boiling  in  the  tube* 

lie  vitriolic  acid  dees  not  a£t.  on  this  metal,  unlefs  Aftion  of  yfcr*. 
it  well  concentrated  and  boiling-   For  this  purpofe,  °ury! 
cury  is  poured  into  a  glafs  retort,  with  near  twice 
veight  of  vitriolic  acid.    As  foon  as  the  mixture 
seated,  a  ftrong  eftervefcence  takes  place,  vitrio- 
cid  air  efcapes,  the  furface  of  the  mercury  becomes 
|  te,  and  a  white  powder  is  produced;  when  the 
.olic  air  ceafes  to  come  over,  the  mercury  is  found 
)e  converted  into  a  white,  opake,  cauftic,  faline 
s,  at  the  bottom  of  the  retort,  which  weighs  one 
d  more  than  the  mercury,  and  is  decompofed  by 
t.    Its  fixity  is  confiderably  greater  than  that  o£ 
|  cury  itfelf.    If  the  heat  be  raifed,  it  give's  out  a 

S  confi- 
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Turbith  mine 

Til. 


mercury,  confiderable  quantity  of  vital  air,  the  mercury  being 
v        at  die  fame  time  revived. 
Vitriol  and  calx     The  white  mafs  produced  by  the  action  of  vitrio- 

ef  mercury.         ,  A  ' 

lie  acid  upon  mercury,  confifls  partly  of  a  faline  mafs, 
or  vitriol  of  mercury,  and  partly  of  a  calx,  or  me 
cury  united  to  vital  air  (fimply,  according  to  the 
theory  ;  or  deprived  of  phlogifton,  according  to  the  ok 
theory,  which  phlogifton  is  fuppofed  to  enter  into  th< 
combination  of  the  vitriolic  acid  air).    Water  fe 
rates  the  fait  from  the  calx,  which  laft  is  then 
yellow  colour.    Much  wafliing  is  required  to  produc 
this  colour,  if  cold  water  be  ufed  ;  but  if  a  large  qi 
tity  of  hot  water  be  poured  on,  the  calx  immcdiat 
aflumes  a  bright  lemon  colour.    In  this  ftate,  it 
called  turbith  mineral. 

The  vitriol  of  mercury  affords  a  fait  by  evaporatioj 
in  fmall  needle-formed  deliquefcent  cryftals.  The  aj 
Precipitates,  dition  of  a  large  quantity  of  water,  more  efpeciallyl 
heated,  decompofes  vitriol  of  mercury,  which  depot 
turbith  mineral,  unlefs  there  be  an  excefs  of  acid 
the  fluid. 

The  fixed  alkalis,  magnefia,  and  lime,  precipit 
mercury  from  its  folution  :  thefe  precipitates  are  re 
cible  in  clofed  veflels  by  mere  heat  without  addition!! 

The  nitrous  acid  rapidly  attacks  and  diflolves  ml 
cury,  at.  the  fame,  time  that  a  large  quantity  of  nitrfl 
air  is  difengagedj  and  the  colour  of  the  acid  becod 
green  during  its  cfcapc.    Strong  nitrous  acid  takes 
its  own  weight  of  mercury  in  the  cold ;  and  this  fd 
tion  will  bear  to  be  diluted  with  water.    But  if 
folution  be  made  with  the  afiiftance  of  heat,  a.rnj 
larger  quantity  is  dillblvcd  j  and  a  precipitate  of 


Solution  in  ni 
trous  acid. 
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ill  be  afforded  by  the  addition  of  diftilled  water,  mercury. 

hich  is  of  a  yellow  colour  if  the  water  be  hot,  or  v 

tite  if  it  be  cold,  and  greatly  refembles  the  turbith 

neral  produced  with  vitriolic  acid  :  it  has  accord-  Nitrous  turbith* 

Ay  been  called  nitrous  turbith.    If  acid  be  added 

the  folution  made  with  heat,  it  lofes  its  property  of 

ing  decompofed  by  water.    This  decompofition  is 

t  complete,  but  only  deprives  the  acid  of  the  re- 

ndant  calx. 

'All  the  combinations  of  mercury  and  nitrous  acid  Mercurial  nitre. 
;  very  cauftic,  and  form  a  deep  purple  or  black 
Dt  upon  the  {kin.  They  afford  cryftals,  which  differ 
rording  to  the  ftate  of  the  folution.  When  nitrous 
id  has  taken  up  as  much  mercury  as  it  can  dif- 
ve  by  heat,  it  ufually  affumes  the  form  of  a  white 
ine  mafs.  When  the  combination  of  nitrous  acid 
i  mercury  is  expofed  to  a  gradual  and  long  continued 
7  heat,  it  gives  out  a  portion  of  nitrous  acid,  and 
:onies  converted  into  a  fed  fubftance,  fimilar  in all  Red  precipitate  2 
petts  to  the  red  calx  of  mercury  formed  by  fimply 
iting  it  in  contact  with  vital  air.  This  is  known 
1  the  name  of  red  precipitate* 

rWhen  red  precipitate  is  ftrongly  heated,  a  large— deco.-npofed. 

intity  of  vital  air  is  difengaged,  together  with  fome 
I  .ogifticated  air,  and  the  mercury  is  fublimed  in  the 

tallic  form. 

Mercurial  nitre  is  more  foluble  in  hot  than  cold 
\  iter,  and  affords  cryftals  by  cooling.  It  is  decom- 
1  by  the  affufion  of  a  large  quantity  of  water, 
I  tefs  the  acid  be  in  excefs. 

I' When  mercury  is  diffolved  in  nitrous  acid  by  means 
[  heat,  nitrous  air  is  emitted,  at  firft ;  and  after- 

S  7,  wards 
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mercury,  wards  it  ceafes,  though  the  folution  ftill  proceed? 

n~^£^.  The  mercury  which  is  taken  up  during  the  firft  par 
of  the  procefs  is  calcined,  and  the  other  portion  i 
difTolved  in  the  metallic  ftate.    If  the  folution  b 
flopped  in  the  firft  part  of  the  procefs,  fixed  and  vol; 
tile  pure  alkalis  precipitate  the  yellow  calx ;  but  if  tl 
folution  be  continued  after  the  efcape  of  the  elaft 
fluid  has  ceafed,  the  precipitate  obtained  by  the  fan 
means  is  black,  on  account  of  the  admixture  of  ill 
tallic  mercury,  which  may  be  feparated  from  the  j\ 
low  caix  by  di-ftillation. 
Precipitate*.       Ponderous  earth,  magnefia,  and  Kme,  precipiti 
the  nitrous  folutions  of  mercury ;  and  thefe  preci 
tates,  as  well  as  all  the  other  calces  of  this  metal,  ; 
reducible  By  heat  alone  without  addition.- 

Explofion  of        The  precipitates  of  mercury  from  acids,  by  me; 

^U6«ral  FICC1"  °f  alkalis,  pofiefs  the  property  of  exploding  when 
pofed  to  a  gradual  heat  in  an  iron  fpoon,  after  havl 
been  previoirily  triturated  with  -|  of  their  weight] 
flowers  of  fulphuT.    The  refidue  confifts  of  a  viol 
coloured  powder,  which  is  converted  by  fublimat 
into  cinnabar*.    It  feems  therefore  as  if  the  full 
combined  fuddenly  with  the  mercury,  and  expel 
vital  air  in  the  elaftic  ftate. 

Decompofuion       The  vitriolic  acid,  or.  the  falts  containing  it, 

of  the  nitrous  ,  , 

folution  by  other  compole  the  nitrous  folutions  ol  mercury  by  vnf 
ac  of  the  ftronger  attraction  of  the  vitriolic  acic 

the  metal.    The  precipitate  which  falls  down 
Page  257.     not  eflentially  differ  from   the  fubftance  prod« 
by  the  direct  folution  of  mercury  in  the  vitrl 
acid.    The  marine  acid  likewife  feizes  the  mer^ 
diflblved  in  the  nitrous  acid,  and  forms  a  compf 
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hich  falls  to  the  bottom.    This  confifts  of  a  very  mercury. 
uftic  fait,  which  is  called  corrofive  fublimate,  and  ^^>c  fubli' 
I  produced  when  the  nitrous  folution  contains  only  mate, 
x  of  mercury  ;  but  when  that  folution  is  faturated 
th  metallic  mercury,  the  compound  which  falk 
wn  by  the  addition  of  marine  acid  is  called  white 
.'cipitate,  and  does  not  differ  from  the  preparation     Page  163/ 
dfih,  when  made  in  the  dry  way,  is  called  calomel,  Calomel, 
mercurius  dulcis. 

The  acetous  and  moft  other  acids  combine  with 
;  calx  of  mercury,  and  precipitate  it  from  its  folu- 
n  in  the  nitrous  acid- 

The  marine  acid  does  not  act  perceptibly  upon  Combination  of 
rcury  in  the  metallic  ftate ;  but  the  dephlogifti-  ^pMog^rfticated 
ed  or  aerated  marine  acid  readily  diffolves  it,  and  mannc  acld- 
:ms  the  fame  combination  as  arifes  from  the  direcl: 
i  on  of  marine  acid  with  calx  of  mercury ;  that  is 
Lay,  corrofive  fublimate. 

The  great  fpecific  gravity  of  mercury  rendered  it  an  Preparation  of 

cor roii     f*  bl* 

;ct  of  peculiar  attention  to  the  alchemifts  and  earlier  mate.1*6  U 
mifts  ;  many  of  whom  hoped  to  fix  it  in  the  form  of 
i>lid  fubftance,  or  to  extra£t,  gold  from  it.  From 
itt  motives,  a  great  variety  of  procefles  have  been 
le  with  it,  by  methods  which  are  much  lefs  diredr. 
fimple  than  thofe  of  modern  chemiftry.  Among 
;r6,  the  combination  of  the  calx  of  mercury  with 
ine  acid  is  produced  by  feveral  methods  in  the  dry 
I  by  fublimation.    In  the  large  way,  corrofive  fub- 
ate  is  prepared  by  triturating  equal  parts  of  mer- 
y,  common  fait,  and  vitriol  together,  and  expofing 
whole  to  a  moderate  heat.    The  corrofive  fubli- 
e  nfes,  and  adheres  to  the  upper  part  of  the  glafs 

S  3  veflel. 
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mercury,  vcflel.  In  this  operation,  the  vitriolic  acid  from  the 
Corroftve  fubii-  v^tr^  1S  fuppofed  to  calcine  the  mercury,  or  to  dc- 
mate*  phldgiftic'ate  the  marine  acid  of  the  common  fait;  in 

either  of  which  cafes  the  compound  of  marine  acid 
with  calx  of  mercury  will  be  formed.  From  thU 
theory,  it  will  eafily  be  underftood  that  corrofive  fub- 
limate may  be  prepared  by  various  methods.  If  the 
Page  257.  white  mafs  or  calx  of  mercury,  produced  by  expofing 
that  metal  to  the  action  of  vitriolic  acid,  be  heated 
-in  a  matrafs  with  an  equal  quantity  of  common  fait,) 
this  fublimate  will  be  had  by  double  affinity ;  thej 
vitriolic  acid  partly  faturating  the  alkali,  and  the  mad 
rine  acid  uniting  with  the  calx  of  mercury,  and  rifina 
by  fublimation.  In  the  fame  manner,  the  nitrou* 
mercurial  fait,  or  the  mercurial  precipitates,  may  hi 
ufed  inftead  of  the  calx  of  mercury  by  vitriolic  acid 

As  the  caufticity  of  metallic  falts  depends  c 
on  the  difpofition  of  the  calcined  metal  to  refume 
metallic  ftate,  at  the  fame  time  that  it  burns  or 
cines  the  fubftance  to  which  it  may  be  applied ;  i' 
accordingly  found  that  corrofive  fublimate  pofleffej 
this  property  in  the  moft  eminent  degree  ;  it  is  then! 
fore  one  of  the  moft  aftive  mineral  poifons. 
fait  is  foluble  in  water,  though  fparingly,  and  alfo'  ill 
ardent  fpirit.    It  is  precipitated  of  an  orange  coloilj 
by  fixed  alkalis.    The  abforbent  earths  likewife  throi^ 
down  its  calx,    Volatile  alkali  affords  a  white  precj 
pitate,  which  foon  afterwards  affumes  a  flate  colour. 
Sal  alembroth.       Corrofive  fublimate  becomes  much  more  foluble 
water  by  the  addition  of  fal  ammoniac,  with  whij 
it  forms  a  triple  compound,  called  fal  alembroth 
the  alchemifts,  which  cryftallizes  by  cooling. 
6 


Caufticity  of 
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dition  of  a  fixed  alkali  throws  down  a  white  calx  mercurv. 
mercury,  called  white  precipitate  in  the  difpenfa-  white  prCcipi- 
ies.  tatc" 
The  preparation  of  calomel  is  ufually  made  by  tri-  Preparation  of 
rating  corrofive  fublimate  in  a  glafs  mortar  with  cudus^ukT"" 
id  mercury,  added  by  a  little  at  a  time,  until  no 
)re  can  be  made  to  difappear.    A  fmall  quantity  of 
..ter  added  to  the  corrofive  fublimate  during  this 
rt  of  the  procefs,  prevents  that  fait  from  rifing  in 
2  form  of  noxious  duft.    In  this  ftate,  the  combi- 
tion  is  the  fame  as  that  obtained  from  the  faturated     Page  261. 
:rous  folution  of  mercury  by  the  addition  of  marine 
id.    The  mixture  of  corrofive  fublimate  and  mer- 
ry is  more  perfectly  combined  by  expofing  it  to 
blimation.    It  adheres  to  the  internal  part  of  the 
bliming  vefiel  in  the  form  of  a  white  mafs,  of  a 
iated  texture.    If  there  be  any  fufpicion  of  its  con- 
ning corrofive  fublimate,  which  is  not  probable 
account  of  the  more  volatile  nature  of  the  latter, 
sy  may  be  feparated  by  means  of  warm  water,  the" 
omel  being  infohible. 
y\Vhen  one  part  of  antimony,  which  is  the  native  Butter  of 
mbination  or  ore  of  antimony  with  fulphur,  is  tritu-  mony" 
ted  or  accurately  mixed  with  two  parts  of  corrofive 
blimatc,  and  expofed  to  diftillation,  the  dephlog'ifti-  ' 
ted  or  aerated  marine  acid  combines  with  the  regu- 
s  of  antimony,  and  rifes  in  the  form  of  the  compound 
•lied  butter  of  antimony  ;  while  the  fulphur  combines 
ith  the  mercury,  and  forms  cinnabar.    If  the  regu- 
s  of  antimony  be  ufed  inftead  of  the  mineral,  the 
fidue  which  rifes  lait  confifts  of  running  mercury, 
ftcad  of  cinnabar.' 

S  4  Mercury 


arm- 


MERCURIAL  COMBINATIONS 


mercury.      Mercury  combines  very  readily  with  fulphur.   By  i 
MerouiliT'  triturati°n  in  a  mortar  the  mercury  difappears,  and 
ethiops.      forms  a  black  compound  with  the  fulphur,  which  is 
.  called  ethiops  mineral,  or  mercurial  ejhiops.  The 
combination  is  more  fpeedily  made  by  mixing  fluid  I 
mercury  with  melted  fulphur.     In  this  way  three  ii 
parts  of  flowers  of  fulphur  unite  with  one  of  mer»  (i 
cury.    If  the  fulphur  be  fet  on  fire,  the  greatefi  part  I 
burns,  and  the  remainder  is  of  a  violet  colour  when  ;f 
pulverized.    This  confifts  of  a  more  intimate  com-,  u 
Cinnabar  or  ver-  bination  of  mercury  and  fulphur.    It  rifes  in  a  heai 

mi  lion  formed  in  .  v 

thedryway:     nearly  approaching  to  rednefs ;  and  the  fublimate. 

which  is  called  cinnabar,  contains  about  -i-  part  ful.  {if 
phur,  and  the  reft  mercury.    The  pigment  called  J 
vermilion  confifts  of  artificial  cinnabar  reduced  to  a  (4 
powder. 

Livers  of  fulphur  are  deccmpofed  in  the  humid  wayflj 
by  mercury,  which  unites  with  the  fulphur.  With  the  IB 
fixed  alkaline  livers  of  fulphur  it  forms  a  black  powderJW 
or  ethiops,  by  agitation,  which  in  the  courfe  of  a  mwhtt 

—  in  the  humid  ber  of  years  becomes  red  5  but  the  volatile  alkalineM 
hepar,  or  fuming  liquor  of  Boyle,  converts  mercury!! 
into  a  fine  cinnabar  in  a  very  fhort  time.  TurbidJl 
mineral,  and  the  precipitates  of  mercury,  are  like 
converted  into  cinnabar  by  this  alkaline  hepar. 

Unguents,  &c.      Mercury  unites  by  trituration  with  oils  and  muci 

lages,  with  which  it  forms  black  or  deep  blue  cofti-Jll 
pounds.  A  fmall  part  of  the  mercury  in  thefc  feemsHJ 
to  be  in  combination,  and  the  reft  in  a  ftate  of  eMffl 
treme  divifion. 

This  metal  can  fcarcely  be  exhibited  in  the  dry  way  p 
on  account  of  its  volatility.    The  degree  of  heat  re 
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•ed  to  convert  it  into  the  red  calx  called  precis  mercury. 
te  per  fe,  is  rather  lower  than  its  boiling  point,  ^~^7^f 
a  greater  reduces  it  again  to  the  metallic  ftate. 
calcination  and  reduction  of  mercury,  without 
tion,  afford  one  of  the  ftrongeft  arguments  in 
ur  of  the  fyftem  which  rejects  phlogifton. 
i  the  production  of  the  red  calx  of  mercury,  it  is  Red  calx  of  mer- 

i-i  r  ii  •        cury,  or  preci- 

:ired  that  air  be  preient,  and  the  metal  kept  in  a  pitate  per  fe. 

:  of  brifk  evaporation.    On  this  account  it  is  found 

/enient  that  the  veffel  mould  be  fo  deep,  and  its 

rture  fo  fmall,  that  the  fumes  may  not  make  their 

pe.  .It  may  be  inferred  that  in  this,  as  well  as      rage  93, 

'.x  calcinations,  there  is  an  abforption  of  vital  air  j 

•e  efpecially  as  vital  air  is  expelled  from  the  calx  by 

:  *.  When  the  experiment  is  made  in  clofed  veflels 

neans  of  a  body  of  the  kind  marked  C,  fig.  15, 

>fe  neck  is  introduced  beneath  a  jar  containing 

mon  air  over  mercury,  the  vital  part  is  abforbed, 

phiogifticated  or  foul  air  remains  ;  and  afterwards, 

n  augmentation  of  heat,  the  mercury  is  revived, 

le  fame  time  that  it  reftores  the  conftitution  of  the 

by  the  emiffion  of  the  vital  air.    Ten  days  or  a 

night's  conftant  heat  is  recAuired  to  convert  a  few 

ns  of  mercury  into  precipitate  per  fe  in  the  fmall 


lercury  being  habitually  fluid,  very  readily  com*  Amai 
2s  with  mod  of  the  metals,  to  which  it  commu- 
tes more  or  lefs  of  its  fufibility.    When  thefe 
:alhc  mixtures  contain  a  fu&cient  quantity  of  mer-, 

^ayoifjer,  Traite  Eleraentairc      Chirqie,  page  35. 

cury 
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mercury,  cury  to  render  them  loft  at  a  mean  temperature,  thcyj 
*       v         are  called  amalgams. 

Combinations  of     It  very  readily  combines  with  gold,  filver,  lead,  tin 
bifmuth,  and  zinc  ;  more  difficultly  with  copper,  arfe 
nic,  and  regulus  of  antimony ;  and  fcarcely  at  all  wi 
platina  or  iron  :  it  does  not  unite  with  nickel  ori 
bait ;  and  its  action  on  manganefe,  wolfram,  S 
molybdena,  is  not  known.    Looking-glalTes  are ' 
vered  on  the  back  furface  with  an  amalgam  of ; 
In  this  operation,  mercury  is  poured  on  tin  foil, 
a  flat  (lone,  and  fpread  with  a  feather  till  its  union  j 
the  tin  has  brightened  every  part  of  its  furface. 
large  quantity  of  mercury  is  then  poured  on,  and  th 
glafs  is  Aided  along  the  fluid  furface ;  upon  which 
is  afterwards  prefied  by  weights,  to  exclude  the  fu 
fluous  mercury. 

Native  mercury     Mercury  is  found  native  in  flaty  or  quartzofe  ea 

or  vifibly  diffufed  through  manes  of  clay  or  ftdT 
Native  precipitate  per  fe,  or  calx  of  mercury, 
alfo  been  found ;  and  this  metal  has  likewife 
met  with  in  combination  with  the  vitriolic  and  ma1 
acids.    Its  volatility  may  probably  have  caufed  it  t6f 
overlooked  in  many  minerals  that  may  contain  it. 
greateft  quantity  of  mercury  is  found  in  combinati 
with  fulphur,  in  the  form  of  cinnabar.    Mercury  is 
fcarce  metal.    Mo  ft  of  the  mercury  in  commerce 
afforded  by  the  mines  of  Idria  in  the  Auftrian  del, 
nions,  Almaden  in  Spain,  and  Guahcavelica  in  Per 
The  native  mercury  requires  little  more  than  wa 
mg  to  feparate  it  from  its  matrix.    Cinnabar  in  t 
native  ftate  is  frequently  mixed  with  calcareous  cart 
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which  cafe  the  mercury  may  be  feparated  by  diftilla-  jmercury, 
a,  becaufe  the  calcareous  earth  combines  with  and  pecomp0(ition'0f 
ains  the  fulphur.    Pure  cinnabar  may  be  decom-  cinnabar, 
cd  by  the  addition  of  about  one  third  of  its  weight 

iron.  In  all  cafes  wherein  pure  mercury  is  re- 
red,  it  muft  be  diftilled  from  cinnabar,  or  its  ful- 
iveous  combination.  For  this  purpofe,  the  mercury 
y  be  converted  into  ethiops,  and  diftilled  with  twice 
.  weight  of  quicklime  or  iron  filings.  Mercury  in  Purity  of  mer* 
nmerce  is  judged  to  be  pure  when  it  is  perfectly  cury' 
id,  and  runs  in  neat  globules,  without  any  pellicle 

its  furface,  or  without  foiling  a  funnel  of  clean 
tite  paper,  through  which  it  may  be  poured  by  a 
y  fmall  aperture  at  bottom.  If  it  leaves  nothing 
lind  after  evaporation,  its  purity  may  be  ftill  more 
tended  upon. 

To  analyfe  native  cinnabar,  its  ftony  matrix  mould  Humid  analyfis 
\  be  difTclved  in  nitrous  acid ;  and  the  cinnabar,  ° 
mg  difengaged,  mould  be  boiled  in  eight  or  ten 
aes  its  weight  of  aqua  regia,  compofed  of  three 
trts  nitrous,  and  one  marine  acid  :  the  mercury  may 
&n  be  precipitated  in  the  metallic  form  by  the  addi- 
n  of  zinc. 

The  ufes  of  mercury  have  already  been  mentioned  Ufes  of  mercury, 
the  prefent  chapter,  and  elfewhere.  The  amalga- 
ition  of  the  noble  metals,  water-gilding,  the  making 
vermilion,  the  filvering  of  looking-glafles,  and  the 
eparation  of  feveral  powerful  medicines,  are  the 
incipal  ufes  to  which  this  metal  is  applied. 


CHAP. 
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CON'CERNING  LEAD. 


LEAD. 


Cha  rafters  of 


y  ^ EAD  is  a  white  metal,  of  a  confidcrably 


tinge,  very  foft  and  flexible,  not  very  tenac! 
and  consequently  incapable  of  being  drawn  into 
wire,  though,  it  is  eafiiy  extended  into  thin  plates  urn 
the  hammer.    Its  weight  is  very  considerable,  befe 
rather  greater  than  that  of  filver.    Long  before  igni 
tioni  namely  at  about  the  540th  degree  of  Fahrq 
heit's  thermometer,  it  melts  j  and  then  begins  to  r 
calcined,,  if  refpirable  air  be  preienl.    In  a  ftrong  he 
it  boils,  and  emits  fumes  j  during  which  time,  if 
pofed  to  the  air,  its  calcination  proceeds  with  c 
derable  vapidity.    If  melted  lead  be  poured  into  a? 
previoufly  rubbed  with  chalk  to  prevent  its  action 
Granulated,    the  wood,  and  be  continually  agitated,  it  will 
Crete  into  feparate  grains,  of  confiderable  ufe  in 
ous  mechanical  operations,  particularly  that  of  we' 
ing.    Lead  is  brittle  at  the  time  of  congelation, 
this  (late  it  may  be  broken  to  pieces  with  a  hamm 
and  the  cryftallization  of  its  internal  parts  will  exhii 
an  arrangement  in  parallel  lines. 

This  metal,  during  the  progrefs  of  heat,  firft  M 
comes  converted  into  a  dulky  powder,  which  by 
continuation  of  the  heat  becomes  white,  yellow,  a: 
afterwards  of  a  bright  red  inclining  to  orange  colou 
Minium,  or  red  called  minium,  or  red  lead.  The  procefs  requif 
confiderable  management  with  regnrd  to  the  heat  af 

acc 
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•is  of  air,  In  the  making  of  red  lead.  Many  days  are?  lead* 
.ired  for  this  purpofe.    If  the  heat  be  too  great  or  V  * 
J,  the  lead  becomes  converted  into  a  flaky  fub- 
ce,  called  litharge  ;  and  a  (till  greater  heat  con-  Litharge  and 

.     .     .         x  ^  f  11  1   r         1  •  r  glafi  of  lead, 

s  it  into  a  clear,  transparent,  yellow  giais,  wmch 
erfully  difiblves  and  corrodes  metallic  calces  or 
hs ;  and  on  this  account  it  ufually  finds  its  way 
ugh  the  crucibles  in  a  ihort  time.  It  acl^  more 
cultly  on  argillaceous  than  on  filiceous  earths; 
:nce  it  is  found  that  vefTels  made  of  clay  mixed 
1  broken  pottery  arc  preferable  ttr  thofe  that  are 
ipofed  of  clay  and  fand.  The  calx  of  lead  is  a 
icipal  ingredient  in  moft  of  the  modern  fine  white 
Pes.  It  is  more  particularly  calculated  to  form  the 
fe  glafs  ufed  to  correct  the  aberration  arifing  from 
ur  in  thofe  telefcopes  which  -are  known  by  the  Achromatic  «r 
te  of  achromatic ;  becaufe  it  communicates  the  kfcoPc-- 
Derty  of  feparating  the  coloured  rays  from  each 
:r  in  greater  angles  than  obtain  in  alkaline  giafles 
jual  angles  of  mean  refraction.  The  imperfection 
ch  moft  considerably  affects  this  kind  of  glafs  is, 
its  denfity  is  feldom  uniform  throughout.  The 
gularities  mew  themfelves  in  the  form  of  veins, 
ch  greatly  difturb  the  regular  refradion, 

.ead  is  not  much  altered  by  expofure  to  air  or  Aaionofa;raR(* 
er ;  though  the  brightnefs  of  its  furface,  when  cut  walcr  on  lead  * 
craped,  very  foon  goes  off.    It  is  probable  that  a 
1  ftratum  of  calx  is  formed  on  the  furface,  which 
ends  the  reft  of  the  metal  from  corrofion. 
vloft  of  the  acids  attack  lead.    The  vitriolic  acid  -of  vituolic 
s  not  act  upon  it,  unlcfs  it  be  concentrated  and  acid- 
i»g.    Vitriolic  acid  air  efcapes  during  this  pro- 

cefs, 


COMBINATIONS  AND 


nitrous  acid  and 
lead. 


Plumbum  cor 
»eum : 


lead.      cefs,  and  the  acid  is  decompofed.    When  the  diftj 
v         lation  is  carried  on  to  drynefs,  a  faline  white  ma 
remains,  a  fmall  portion  of  which  is  foluble  inwate 
and  is  the  vitriol  of  lead :  it  affords  cryftals.  fl 
refidue  of  the  white  mafs  is  a  calx  of  lead. 
Combination  of      Nitrous  acid  a£ts  flrongly  on  lead,  and  converts!] 
into  a  white  calx  if  the  acid  be  concentrated  ;  butll 
it  be  more  diluted,  the  calx  is  diflblved,  and  formi 
nitre  of  lead  which  is  cryftallizable,  and  does! 
afford  a  precipitate  by  cooling.    It  detonates  on 
nited  coals.    Lime  and  alkalis  decompofe  the  nitn 
folution  of  lead.    The  vitriolic  acid  added  to 
folution  combines  with  the  metallic  calx,  and  fj 
down.    The  marine  acid  in  the  fame  manner  c 
down  the  lead,  and  forms  a  combination  called  pi; 
bum  corneum,  which  is  more  foluble  in  water 
the  horn  filver. 

Marine  acid  acts  directly  on  lead  by  heat,  v/\ 
it  calcines,  and  diffolves  part  of  its  calx.    The  m 
fait  of  lead  is  cryftallizable. 

The  acetous  acid  diffolves  lead  and  its  c 
though  probably  the  accefs  of  air  may  be  neo 
for  the  folution  of  the  metal  itfelf  in  this 
white  lead,  or  White  lead,  or  cerufe,  is  made  by  rolling  k 
plates  fpirally  up,  fo  as  to  leave  the  fpace  of 
an  inch  between  each  coil,  and  placing  them  v 
cally  in  earthen  pots,  at  the  bottom  of  which  is 
good  vinegar.    The  pots  are  to  be  covered,  and 
pofed  for  a  length  of  time  to  a  gentle  heat  in 
bath,  or  by  bedding  them  in  dung.    The  vapoufl 
the  vinegar,  affifted  by  the  tendency  of  the  leal 
combine  with  the  pure  part  of  t'.e  air  which  is 


—  marine  acid: 


-acetous  acid. 
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corrodes  the  lead,  and  converts  the  external  lead. 
on  into  a  white  calx,  which  comes  off"  in  flakes  v 
1  the  lead  is  uncoiled.     The  plates  are  thus 
cd  repeatedly  until  they  are  corroded  through, 
ife  is  the  only  white  fubllance  uled  in  oil  paint- 
It  may  be  diffolved  without  difficulty  in  the 
ms  acid,  and  affords  a  cryftallizable  fait,  called 
r  of  lead  from  its  fweet  talte.    This,  like  all  the  Sugar  of  lead, 
arations  of  lead,  is  a  moll  deadly  poifon. 
ver  of  fulphur  precipitates  lead  from  its  folu-  Atfion  of  lives 
u  the  fulphur  falling  down  in  combination  with  ur  011 

lead.  Pure  alkaline  folutions  diffolve  a  fmall  _0f  alkalis : 
ion  of  lead,  and  corrode  a  confiderable  quan- 

the  folution  is  faid  to  give  a  black  colour  to 
lair. 

ils   diffolve   the   calces   of  lead,   and   become  —oils, 
;  and  confident ;  in  which  ftate  they  are  ufed 
cie  bafis  of  plafters,  cements  for  water  works, 
t,  &c. 

the  dry  way,  lead  alone  is  calcined  and  vitrefied.  Habitudes  in  tl 
:n  fufed  with  fixed  alkaline  falts,  it  is  converted  dry  wayi 

l  a  dark-coloured  fcoria,  partly  foluble  in  water, 
neutral  falts  in  general  are  not  adted  upon  by 
Nitre  calcines  this  metal  when  heated  v/ith  it, 

I  gh  fcarcely  any  commotion  or  apparent  flame  is 
uced  by  its  action.    Sulphur  readily  diffolves  it  in 

dry  way,  and  produces  a  brittle  compound,  of  a 
I  grey  colour  and  brilliant  appearance,  which  is 
h  lefs  fufible  than  lead  itfelf ;  a  property  which  is  * 
mon  to  all  the  combinations  of.  fulphur  with  ,the 
-  fufible  metals. 

The 
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Decompofition 
of  fal  ammo- 
aiac : 


of  common 


fait, 


lead.         The  pliofphoric  acid,  expofed  to  heat  together  witri 
^"^T^Uh  charcoal  and  lead,  becomes  converted  into  phofphorus] 
phofphoric  acid,  which  combines  with  the  metal.    This  combination 
does  not  greatly  differ  from  ordinary  lead :  it  is  malj 
leable,  and  eafrly  cut  with  a  knife ;  but  it  lofes  it] 

■ 

brilliancy  more  fpeedily  than  pure  lead ;  and,  whcij 
fufed  upon  charcoal  with  the  blow-pipe,  the  phofphof 

rus  burns,  and  leaves  the  lead  behind* 

Lead  decompofes  fal  ammoniac  by  the  afli  fiance  o|{ 
heat :  its  calces  unite  with  the  marine  acid  of  thsT 
fait  in  the  cold,  and  difengage  its  volatile  alkali 
When  volatile  alkali  is  obtained  by  diftilling  fal  anlr 
moniac  with  the  calces  of  lead,  the  refidue  confiftyA 
plumbum  corneum. 

Litharge  fufed  with  common  fait  decompofes  if« 
the  lead  unites  with  the  marine  acid,  and  forms  la 
yellow  compound,  at  prefent  ufed  in  this  country 
a  pigment,  for  which  an  exclufive  privilege  has 
granted.  The  alkali  either  floats  at  top,  or  is 
tilized  by  the  heat  if  flrongly  urged.  The  fame 
compofition  takes  place  in  the  humid  way,  if  coi 
fait  be  macerated  with  litharge;  and  the  folution 
contain  cauftic  alkali. 
Combinations  of    Lead  unites  with  moft  of  the  metals.    Gold  al 

leadwithmetals.  filver  ^  djffolv(jd  by  ft  &  a  flight  red  heat.  Bd 

thefe  metals  are  faid  to  be  rendered  brittle  by  a  frq 
admixture  of  lead,  though  lead  itfelf  is  rendei: 
more  du£lile  by  a  fmall  quantity  of  them.  Plat} 
forms  a  brittle  compound  with  lead  ;  mercury 
gamates  with  it ;  but  the  lead  is  feparated  from 
mercury  by  agitation,  in  the  form  of  anjmpaM1 
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k  powder,  vital  air  being  at  the  fame  time  ab-  lead. 
id.    The  prefence  of  vital  air  is  indifpenfably  v 
flary  in  this  procefs.    Copper  and  lead  do  not 
:  but  with  a  ilrong  heat.    If  lead  be  heated  fo 
1  boil  and  fmoke,  it  foon  difiblves  pieces  of  cop- 
thrown  into  it ;  the  mixture  when  cold  is  brittle.  Combinations  of 

•  rr  lead  and  copper ; 

union  of  thefe  two  metals  is  remarkably  flight ;  decompofed  by 
ipon  expofing  the  mafs  to  a  heat  no  greater  than  low  heat."'  "  ^ 
in  which  lead  meltSj  the  lead  almoft  entirely 
off  by  itfelf.  This  procefs,  which  is  peculiar 
ad  with  copper,  is  called  eliquation.  The  coarfer 
.  of  lead,  which  owe  their  brittlenefs  and  gra- 
ted texture  to  an  admixture  of  copper,  throw 
p  to  the  furface  on  being  melted  by  a  fmall 
.    Iron  does  not  unite  with  lead,  as  long  as 

fubftanees  retain  their   metallic   form.  Tin 
ss  very  eafily  with  this  metal,  and  forms  a  com- 
ld  which  is  much  more  fufible  than  lead  by  it- 
and  is  for  that  reafon  ufed  as  a  folder  for 

Two  parts  of  lead  and  one  of  tin  form  an  Plumbers  fol- 
more  fufible  than  either  metal  alone :  this  is  d°r' 
older  of  the  plumbers.    Bifmuth  combines  rea- 
with  lead,  and  affords  a  metal  of  a  fine  clofe 
1,  but  very  brittle.    A  mixture  of  eight  parts  Fufible  mixture, 
uth,  five  lead,  and  three  tin,  will  melt  in  a  heat 
:h  is  not  fufficient  to  caufe  water  to  boil.  Regulus 
ntimony  forms  a  brittle  alloy  with  lead.  Wol- 
1  unites  with  it  into  a  fpongy  duclile  compound, 
"h  fplits  into  leaves  when  hammered.  Nickel, 
h,  manganefe,  and  zinc,  do  not  unite  with  lead 
jfion. 

T  All 
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.  i/£AD.  All  the  calces  of  lead  are  very  eafily  revived.  Mi) 
^T—YT^  nium,  when  expofed  to  a  ftrong  heat,  gives  out  parj 

Revival  of  the  1  1  v         i  • 

cakes  oflead.  0f  the  vital  air  it  ahforbed  during  its  calcination » 
but;  like  the  other  calces  of  this  metal,  it  requires  thj 
addition  of  fome  combuftible  fubftance  for  its  corri 
plete  revival.  A  familiar  inftance  of  this  revival  jj 
feen  by  expofing  the  common  wafers  to  the  flame  d 
■  a  candle.  Thefe  wafers  are  coloured  with  miniunl 
which  is  revived  by  the  heat  and  inflammable  firl 
fiance  of  the  wafer,  fo  that  it  falls  down  in  metafll 
globules. 

Native  lead  and      Lead  is  found  native,  though  feldom    and  alfo 
Its  ores.  Ae  form  of  a  calx>  calkd  native  cerufe)  or  lead  och} 

or  lead  fpar  of  various  colours,  red,  brown,  yelloj 
Anaiyfis  of  cal-  green,  blueilh,  and  black.  Thefe  ores,  when  freedj 
«,form  ores.  ag  poffi|,ie  from  earthy  matter,  may  be  diflblvl 

m  diluted  nitrous  acid.  Calx  of  iron  is  ufually  throj 
down  from  the  folution  by  boiling.  If  the  leadj 
then  precipitated  by  the  mild  mineral  alkali,  «| 
weighed,  132  grains  of  the  dry  precipitate  will  cj 
refpond  with  100  grains  of  lead  in  the  metallic  ftJ 
If  the  precipitate  be  fufpeaed  to  contain  copper \ 
may  be  feparated  by  digefting  in  volatile  alkali.  J 
It  be  fuppofed  to  contain  filveT  and  copper,  the  prj 
pitate  may  again  be  dhTolved  in  nitrous  acid,  and  fl 
rated  by  the  addition  of  marine  acid  •,  which 
bining  with  the  metal,  produces  luna  cornea, 
plumbum  corneum;  the  latter  of  which,  being  f' 
ble  in  30  times  its  - weight  of  boiling  water> 
fce  warned  off,  while  the  filver  remains  undiflbl 
t>r  the  filver,  if  alone  in  the  precipitate,  may 
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taken  up  by  volatile  alkali,  which  will  leave  the  lead. 
calx  of  lead  of  the  fame   value  with  regard  to  '  * 
weight  as  the  foregoing.    Lead  is  alfo  found  mine- Native  falts  of 
ralized  by  the  vitriolic  and  the  phofphoric  acids : k>d" 
this  laft  is  of  a  greenifh  colour,  arifing  from  a 
mixture  of  iron.    The  vitriol  of  lead  is  foluble  in 
about  1 8  times  its  weight  of  water.    One  hundred 
and  forty-three  grains  of  the  dried  fait  reprefent  100 
grains  of  lead.    The  phofphoric  lead  ore  may  be  Humid  analyfis 
diflblved  in  nitrous  acid  by  means  of  heat,  except  a  ^adore^0"0' 
few  particles  of  iron,  which  remain  at  the  bottom. 
By  the  addition  of  vitriolic  acid  the  lead  is  thrown 
down  in  the  form  of  white  flakes  of  vitriol ;  which, 
when  warned  and  dried,  difcover  the  quantity  of  lead 
they  contain,  by  the  fame  allowance  of  143  grains  of 
t%e  fait  to  100  grains  of  metallic  lead.    The  remain- 
ing folution  being  evaporated  to  drynefs,  affords  phof- 
phoric acid;  •  1  • 

Lead  is  abundantly  found  in  combination  with  Sulphureous  ore 
fulphur,  in  the  form  of  heavy,  mining,  black,  or  ilJ'111'  °r  ga~ 
blueifh  lead-coloured  cubical  maffes,  whofe  corners 
are  ufually  truncated;  its  texture  is  laminated,  and 
its  hardnefs  variable^  This  is  called  galena,  or  potters 
lead  ore.  Moft  lead  ores  contain  more  or  lefs  of 
filver;  When  antimony  enters  into  its  compofition, 
the  texture  is  radiated  or  filamentous.  There  are 
alio  lead  pyrites,  which  contain  a  considerable  pro- 
portion of  iron  and  fulphur;  and  red  lead  fpar, 
which  confifts  of  lead  mineralized  by  fulphur  and 
arfenic  j  this  is  very  fcarce. 

If  fulphurated  lead  be  boiled  in  nitrous  or  marine  Analyfis  of  ful- 
*cid  of  a  moderate  ftrength,  tj>e  fulphur  may  be phumei  kad* 

T  %  obtained 
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lead.  obtained  pure,  and  colleftcd  on  a  filter.  When  iron 
v  '  or  ftony  particles  are  contained  among  the  undif- 
folved  part,  the  fulphur  may  be  feparated  by  digeftion 
in  a  folution  of  cauftic  fixed  alkali,  which  convert* 
it  into  liver  of  fulphur,  and  leaves  the  other  info- 
luble  matters  behind.  If  the  firft  folution  be  made 
with  nitrous  acid,  it  may  contain  filver  and  lead, 
which,  after  precipitation  by  mild  mineral  alkali,  may 
be  feparated  by  the  volatile  alkali,  as  mentioned  in  the 
humid  analyfis  of  the  calciform  ores  :  when  the  ma- 
rine acid  is  ufed  for  the  folution  of  the  ore,  a  large 
quantity  of  plumbum  corneum  feparates,  for  want  of 
a  fufficient  quantity  of  water  to  diffolve  it.  This 
requifite  quantity  of  water  muft  be  added  to  diffolve 
the  fait  before  the  precipitate  is  made  by  the  fixed 
alkali. 

Revival  of  lead     All  the  ores  of  lead,  except  the  phofphoric,  are 

by  the  blow-  .  .  . 

pipe.  reducible  to  the  metallic  ftate  by  diflipating  their 

volatile  contents  b^  the  blow-pipe  on  a  piece  of  char- 
coal. In  the  large*  way,  they  are  revived  by  fufion 
with  charcoal. 

Ufes  sf  lead.  The  ores  of  this  metal  are  abundantly  found  in  the 
mine  counties  of  England,  and  in  various  other  parts 
of  the  globe.  Its  ufes  are  numerous,  and  fcarcely 
need  be  mentioned.  Its  calces  have  been  already  j  ■ 
mentioned  as  of  great  life  as  a  pigment,  and  in  the 
manufacture  of  glafs.  Lead  is  call  into  thin  fheets 
for  covering  buildings,  making  water-pipes,  and  vari- 
ous other  ufes ;  and  this  is  rolled  between  two  cy- 
linders of  iron,  to  give  it  the  requifite  uniformity 
and  thinnefs.  Lead  is  thought,  and  with  fome  rea- 
fbn,  to  be  not  perfectly  innocent  even  for  water-  j 
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ilpes,  and  much  lefs  fo  for  any  other  kind  of  veflels. 
[Tic  workmen  in  any  of  the  preparations  of  lead 
re  generally  fubjecl:  to  a  peculiar  colic,  and  paralytic 
iibrders ;  which  moft  probably  arife  from  the  in- 
ernal  ufe  of  the  metal :  for  it  is  a  facl:  that  thefe 
vorkmen  are  not  fufficiently  cautious  in  warning 
beir  hands,  or  removing  fuch  particles  of  lead,  or 
:s  preparations,  as  may  cafually  intermix  with  their 
)od. 
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CONCERNING  COPPER. 


COPPER. 


Characters  of 
copper. 


See  Newton's 
Optics. 


Corrofion  of 
copper : 


—  and  foiution 
in  vitriolic  acid. 


jf^  0  P  P  E  R  is  a  metal  of  a  peculiar  reddilh  brown, 
colour  j  hard,  fonorous,  very  malleable,  and 
ductile  j  of  confiderable  tenacity,  and  of  a  moderate 
fpecific  gravity.    At  a  degree  of  heat  far  belo-vr 
ignition  the  furface  of  a  piece  of  polifhed  copper 
becomes  covered  with  various  ranges  of  prifmatic 
colours,  the  red  of  each  order  being  neareft  the  end 
which  has  been  moft  heated ;  an  effect  which  muft 
doubtlefs  be  attributed  to  calcination,  the  ftratum  of 
calx  being  thickeft  where  the  heat  is  greateft,  and 
growing  gradually  thinner  and  thinner  towards  the 
colder  part.    A  greater  degree  of  heat  calcines  it 
more  rapidly,  fo  that  it  contracts  thin  powdery  fcales 
on  its  furface,  which  may  be  eafily  rubbed  off ;  the 
flame  of  the  fuel  becoming  at  the  fame  time  of  a 
beautiful  blueifh  green  colour.    In  a  ftrong  white 
heat,  nearly  the  fame  as  is  neceffary  to  melt  gold  or 
filver,  it  melts,  and  exhibits  a  blueifh  green  flame} 
by  a  violent  heat  it  boils,  and  is  volatilized  partly  in 
the  metallic  Hate. 

Copper  rufts  in  the  airj  but  the  corroded  part  isl 
very  thin,  and  preferves  the  metal  beneath  from  fur-i 
ther  corrofion. 

The  vitriolic  acid,  when  concentrated  and  boilingj 
diffolves  copper.  A  brown  thick  fluid,  containing 
calx  of  copper,  and  a  portion  of  the  calx  combined' 

•vritrm 
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th  vitriolic  acid,  is  found  at  the  bottom  of  the  (  copper. 
vent.  If  water  be  added  to  this,  it  forms  a  blue 
ution  of  copper,  which  by  evaporation  affords  blue 
dais,  that  require  about  four  times  their  weight 
water  to  diflblve  them.  This  folution  lets  fall  a 
of  copper  of  a  green  colour  by  long  expofure  to 


x 

;  air. 


The  folutions  of  copper  in  vitriolic  acid  are  flightly  Vitriolic  combK 

nations  and  prc- 

lftic.    Magnefia,  lime,  and  the  fixed  alkalis,  pre-  cipiutes. 
>itate  the  metal  from  them  in  the  form  of  calx, 
ilatile  alkali  precipitates  all  the  Solutions  of  copper  ; 
t  rediffolves  the  calx,  and  produces  a  deep  blue 
lour.    Copper  is  precipitable  from  mod  of  its  folu- 
)ns  in  the  metallic  ftate  by  the  addition  of  iron  :  a 
:an  plate  of  iron  foon  becomes  covered  with  a  coat- 
g  of  copper  when  immerfed  in  the  folution :  hence 
e  volatile  alkali,  and  the  application  of  iron,  are  con- 
lered  as  the  tefts  of  the  prefence  of  copper.  There 
e  certain  mineral  waters  in  Hungary,  Sweden,  Ire- 
ad,  and  in  various  parts  of  England,  which  contain 
:riol  of  copper,  and  from  which  it  is  precipitated  by 
:e  addition  of  pieces  of  old  iron. 

1  Nitrous  acid  diflolves  copper  with  great  rapidity,  Nitrous  combi- 

i    ,.r  ,  r  -r.       nation  of  copper. 

.d  ddengages  a  large  quantity  of  nitrous  gas.  Part 
the  metal  falls  down  in  the  form  of  a  calx ;  and 
e  filtrated  or  decanted  folution,  which  is  of  a  much 
Jeper  blue  colour  than  the  vitriolic  folution,  affords 
-yftals  by  flow  evaporation.  This  fait  is  deliquef- 
ent,  very  foluble  in  water,  but  mod  plentifully  when 
J  ie  fluid  is  heated.  Its  folution,  expofed  to  the  air 
fhallow  vcflels,  dcpofits  a  calx  of  a  green  colour, 
irjje  precipitates  the  metal  of  a  pale  blue ;  fixed 

T  4  alkalis, 
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alkalis,  of  a  blueifh  white.    Volatile  alkali  throw* 
down  blueifh  flocks,  which  are  quickly  rediffolved, 
and  produce  a  lively  blue  colour  in  the  fluid. 
Solution  of  cop.     Marine,  acid  does  not  readily  difiblve  copper,  unlef* 

per  in  marine  ;  rr    '  uulcl3 

acid:  it  be  concentrated  and  boiling.    The  folution  is  of  a 

deep  brown  colour ;  but,  on  (landing  for  fome  time, 
it  depofits  a  fediment,  and  becomes  green.  By  care- 
ful evaporation  it  yields  cryftals  ;  or,  when  infpiffated, 
it  affords  a  greenifh  mafs,  which  deliquefces  in  the 
air,  is  readily  diffolved  in  water,  gives  a  green  tincture 
to  ardent  fpirit,  melts  in  a  gentle  heat,  takes  fire  from 
a  candle,  and  burns  with  a  blue  flame.  The  marine 
acid  diflblves  the  calces  of  copper  more  readily  than 
the  metal  itfelf ;  but  the  folution  does,  not  differ  from 
the  foregoing. 

in  vegetable      Vegetable  acids  difiblve  copper  flowly ;  but  in  con- 
derable  quantity,  if  refpirable  air  be  prefent.  hi 
this,  as  in  a  number  of  other  metallic  folutions,  it 
appears  that  the  difpofition  of  the  air  to  calcine  the 
metal  is  greatly  affifted  by  the  elective  attraction  of  the 
Effe&  of  the     acid  for  the  metallic  calx.    Vinegar  does  not  difiblve 
copper  when  boiling,  becaufe  the  fleam  prevents  the 
accefs  of  the  air;  but  the  fame  acid  flanding  for  a 
day  in  a  copper  veffel,  will  contract  a  dangerous  metal-  J 
lie  impregnation.    This  circumftance  accounts  for  the  f 
unhappy  confequences  in  fome  inftances  attending  the  j 
ufe  of  copper  vefTels,  which  in  other  cafes  have  pro-  I 
tluced  no  noxious  effects.    Confectioners  boil  pickles,  |i 
and  even  lemon  j-iice,  in  clean  copper  vefTels,  with-  |< 
out  obferving  any  bad  tafle  or  noxious  confequence 
to  follow.    We  cannot  however  avoid  heartily  con-, 
curring  in  the  general  opinion  which   now  pre-r 

vails, 
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3,  iii  the  rejection  of  copper  veflels  for  culinary  copper, 

iofes.  *       v  ' 

erdigris  is  a  calx  of  copper  prepared  in  large  Fakrication  ef 
itities  near  Montpellier  in  France,  by  ftratifying  verd,Sns- 
,)er  plates  with  the  hulks  of  grapes  which  remain 
:  the  juice  has  been  prefled  out.  Thefe  foon  be- 
e  acid,  and  corrode  the  copper.  A  folution  of 
calx  in  diftilled  vinegar  affords  permanent  cryftals, 
operly  called  diftilled  verdigris-. 

xed  alkalis  have  fom'e  action  on  copper,  with  Solution  of  cop., 
h  they  form  a  light  blue  folution.  This,  as  kills'-  xcda*" 
as  the  volatile  alkaline  folution,  appears  to 
:ed  better  in  the  cold  than  by  the  affiftance  of 
,  for  the  fame  reafon  as  the  cold  acetous  acid  a£rs 
i  copper ;  namely,  the  facility  with  which  the 
1  is  calcined  by  the  accefs  of  air. 

>latile  alkali  difTolves  copper  with  much  greater  —  in  volatile 
ity  than  fixed  alkalis,  whether  it  be  in  the  me-alkah* 
or   calciform   ftate ;    and  forms  a  beautiful 
folution.     This  fluid  has  long  attracted  the 
:  of  cliemifts,   on  account  of  its  becoming 
griefs  in  clofed  vcfTels ;  and  recovering  its  co- 
which  gradually   extends   from   the  furface 
•wards,  when  the  veffel  is  opened.    This  effect 
lained  by  the  fupppfition,  that  the  perfect  folu- 
!»f  calx  of  copper  in  volatile  alkali  is  colourlefs 
the  alkali  is  in  e,xcefs ;  but  that  it  is  blue  when 
I  sunds  with  calx  of  copper :   and  accordingly 
found  that  the  lofs  of  colour  on  keeping  the 
clofed  for  fome  time,  and  its  re-appearance 
|  ening  the  veffel,  does  not  fucceed  with  old  fo- 
s,  which  are  permanently  blue.   The  air  cal- 
cines 
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copper,  cincs  more  perfectly  a  portion  of  the  fufpended  cop, 
_\  , .  ?         per.  which  gives  a  blue  colour  to  the  fluid  until  ii 

Habitudes  of      r    *  °  _  1 

copper  with  has  more  intimately  combined  with  the  alkali.  I 
voiatj  c      i .  combination  be  made  in  the  clofed  veffel,  thi 

colour  difappcars ;  if  it  be  made  in  the  open  veflel 
the  calcination  of  another  portion  goes  on,  and  con 
traues  until  the  alkali  is  faturated,  and  can  combin 
with  no  more :  fo  that  the  laft  portion  of  perfcf 
calx,  which  caufes  the  blue  colour,  does  not  feen 
'   to  have  entered  into  fo  intimate  a  combination,  fc), 
want  of  an  excefs  of  alkali.    The  alkali  does  n« 
take  up  any  confiderable  quantity  when  applied  \l 
Copper  filings  ;  but  it  diflblves  much  more  of j 
calces  of  copper.    The  folution  does  not  very  re 
afford  eryftals. 

—  with  oils,        Oils  do  not  feem  to  a£t.  upon  copper  until 
tnd^threlfo'lB.-  Decom€  rancid ;  in  which  cafe  their  difengaged 
corrodes  the  copper,  and  the  oil  aflumes  a 
green  colour.    Verdigris  is  foluble  in  ardent  fpij 
Copper  in  the  metallic  (late  does  not  unite 
earths  or  alkalis-  in  the  dry  way  :  its  calces 
into  the  compofition  of  glafs.    In  general,  it1' 
not  aft  on  the  neutral  falts  by  fufion.  Nitre 
toriates  with  it  but  difficultly.    Filings  of  coppc 
thrown  upon  red-hot  nitre  \  and  the  refidue 
brownifh  grey  calx,   mixed,  and  partly  comoij 
with  -  vegetable  alkali.    If  this  be  warned  with 
ter,  the  remaining  calx  may  be  fufed,  without  c 
addition,'  into  a  deep  opake  brown  glafs,  ufeJ 
enamellcrs. 

—  fal  ammo-       Sal  ammoniac,  is  decompofed  by  copper  n 
The  produce  which  comes  over  confifts  of  cs  I 


nuc. 
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le  alkali,  rendered  blue  by  a  fmall  portion  of  copper. 
r,  together  with  alkaline  air,  inflammable  air,  Habitudes  of  ^ 

hlosrifticated  air :  the  refidue  confifts  partly  of  C0PPcr  with  fal 

.'  ammoniac; 
e  fait  of  copper  and  calx.    In  this  experiment 

nd  that  the  copper  detains  the  acid ;  while 

Dlatile  alkali,  being  fet  at  liberty,  comes  over 

:he  receiver.    The  inflammable  and  phlogiftl- 

air  cannot  fo  clearly  be  accounted  for,  as  they 

rirife  either  from  part  of  the  alkali  being  de- 

)led  into  its  firft  principles    or  the  inflamma- 

r  may  be  fuppiied  during  the  folution  of  the 

r  \  in  which  cafe  it  will  proceed  from  the  phlo- 

of  that  metal,  according  to  the  hypothefis  of 

:  or  from  a  decompofition  of  part  of  the  water 

'ftallization  of  the  fal  ammoniac  j  the  pure  air 

ich  will  be  communicated  to  the  copper,  in  or- 

>  calcine  and  render  it  foluble  in  the  marine 

while  its  inflammable  air  comes  over  in  the 

i  ftate. 

olution  of  alum  boiled  in  a  copper  veflel  de  with  alum. 

Come  earth  ;  and  the  fluid  exhibits  figns  of  the 
ce  of  copper  by  the  teft  of  volatile  alkali.  This 
lot  feem  to  be  a  perfect  decompofition  of  the 
but  appears  to  be  effected  by  virtue  of  the 
which  that  fait  contains  in  cxcefs.  The  neutral 
alum,  faturated  with  its  own  bafis,  falls  down, 
lefs  foluble  ;  while  the  excefs  of  acid,  forming 
of  copper,  exhibits  the  blue  tinge  when  volatile 
is  added. 

>per  unites  very  readily  with  fulphur.    If  copper  —with  fulphur. 
be  mixed  with  flowers  of  fulphur  and  a  little 
.  the  combination  takes  place;  but  it  is  much 

more 
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more  readily  effected  in  the  dry  way.    This  cannot  I 
done  by  direct  fufion,  becaufe  the  fulphur  is  burnedi 
a  much  lefs  heat  than  is  required  to  fufe  the  coppl 
Combination  of  It  may  be  prepared  by  mixing  equal  parts  of  fulpH 

copper  with  .  r.,  ,  ,  _ 

fulphur:         and  copper  filings  together,  and  expoimg  them!' 

heat,  gradually  raifed  to  ignition  :  or  plates  of  copi; 
may  be  unratified  in  a  crucible  with  fulphur,  ar 
dually  heated  as  before.    This  compound  is  a 
grey  mafs  ;  and  is  ufed  by  dyers  and  callico  printe 
it  is  diftinguifhed  by  the  name  of  se.s  veneris.  Li 
of  fulphur  diffolves  copper  both  in  the  humid  i 
dry  way. 

—  withphof-  Phofphorus  unites  with  the  calx  of  copper:  oj 
phorus. 

the  phofphonc  glafs  be  expofed  to  heat  in  a  crucij 
together  with  its  weight  of  copper  filings,  and  aa 
i-  of  its  weight  of  charcoal,  the  phofphorus  «| 
is  formed  combines  with  the  copper  into  a  kid 
pyrites,  which  changes  by  expofure  to  air.  It] 
its  metallic  ftate,  and  affumes  a  black  colour. 

—  with  metallic     The  combinations  of  conper  with  the  metals  baj 

fubftaaces. 

treated  of  have  been  already  mentioned.    It  uii 
imperfectly  with  iron  in  the  way  of  fufion.  Tin! 
readily  combines  with  copper  at  a  temperature  flj 
lower  than  is  necefTary  to  fufe  copper  alone 
this  is  grounded  the  method  of  tinning  copper  v 
For  this  purpofe,  they  are  firft  fcraped,  or  fc 
after  which  they  are  rubbed  with  fal  amn) 
They  are  then  heated,  and  befprinkled  with 
dered  refin,  which  defends  the  clean  furface  o 
copper  from  acquiring  the  flight  film  of  calx,  ^ 
would  prevent  the  adhefion  of  the  tin  to  its  iut 
The -melted  tin  is  then  poured  in,  and  fpread  a 
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tremely  fmall  quantity  adheres  to  the  copper  ;  copper. 
may  with  great  juftice  be  fuppofed  infufBcient  1       *  * 
ent  the  noxious  effects  of  the  copper  as  per- 
is might  be  wifhed. 

;n  tin  is  melted  with  copper,  it  compofes  the  Bronzes  and 
md  called  bronze.    In  this  metal  the  fpecific  bell"mctal- 
is  always  greater  than  would  be  deduced  by 
ation  from  the  quantities  and  fpecific  gravi- 
its  component  parts.    The  ufes  of  this  hard, 
is,  and  durable  compofition,  in  the  fabrica- 
:   cannon,  bells,  ftatues,  and  other  articles, 
11  known.    Bronzes  and  bell-metals  are  not 
made  of  copper  and  tin  only,  but  have  other 
ares,  confiding  of  lead,  zinc,  or  arfenic,  ac- 
to  the  motives  of  profit,  or  other  induce- 
of  the  artift.    But  the  attention  of  the  phi- 
r  is  more  particularly  directed  to  the  mixture 
■er  and  tin,  on  account  of  its  being  the  fub- 
f  which  the  fpeculums  of  reflecting  telefcopes  Metal  for  fP€cu 
de.    The  metal  required   for  this  purpofe 
:o  be  capable  of  an  exquifite  polifii,  hard 
to  receive  and  retain  a  figure  accurately 
:o  the  regular  reflection  of  light,  and  not 
:o  become  tarniflied  by  the  action  of  the  at- 
e.    Many  excellent  telefcopes  have  been  made 
npofitions  of  pure  copper,  alloyed  with  fome- 
s  than  half  its  weight  of  tin.    But  it  appears 
'ery  well  afcertained,  from  the  obfervations 
Vftronomer  Royal,  that  the  fpeculums  of  Mr. 
J,  whofe  compofition  was  the  refult  of  nu- 
tnals,  are  much  fuperior  to  any  which  have 
made ;  and  are  even  equal  in  light  to  aero- 

matic 
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coj per.  matic  ftfiefcopes  of  the  fame  aperture,  without  a! 
^T—  '  ing  the  colours  of  objeas.    He  firft  melts  32  p 

Edwards's  me-       °  ,         .  ,  .        f  , 

thod  of  making  0f  copper  as  fluid  as  poflible,  with  one  part  of  b 
fpeculums.         ^  ^  rf  togetker  with  the  bhck  ftw 

the  fame  time  that  fifteen  parts  of  tin  are  mcl 
in  a  feparate  crucible  by  itfelf.    Thefe  being  ta 
from  the  fire,  he  pours  the  tin  to  the  copperj 
mediately,  ftirs  the  whole  together  with  a  ^ 
fpatula,  and  pours  it  out  haftily  into  a  larg« 
tity  of  cold  water,  which  cools  and  granulil 
compofition.    If  the  tin  were  fufed  ^ge^ 
the  copper,  or  if  they  were  to  remain  for  anf 
of  time  in  the  extreme  heat  which  is  neo 
fufe  this  laft  metal,  a  part  of  the  tin- would 
cined,  and  the  metal  would  abound  more] 
with  fmall  microfcopic  pores.    If  one  of  til 
of  the  cold  metal  be  broken,  it  will  appear 
moft  beautiful  bright  colour,  refembling  quid 
Mr.  Edwards  affirms,  that  different  kinds  of  < 
require  different  dofes  of  tin  to  produce  the' 
perfca  whitenefs.    If  the  dofe  of  tin  be  tofl 
which  is  the  fault  moft  eafily  remedied,  th^ 
pofition  will  be  yellowifh ;  if  it  be  too  grea 
compofition  will  be  of  a  grey  blue  colour,  ad 
appearance.    He  therefore  finds  by  trial  thef 
of  tin  neceflary  to  be  added  in  the  fecond  f 
render  the  metal  the  moft  perfect.    A  n£ 
degree  of  heat  is  then  required  to  melt  the 
pound.    In  the  fecond  melting  he  adds  one 
atfenic,  and  immediately  ftirs  the  mixture; 
he  pours  into  the  mould  as  foon  as  the  f 
the  arfenic  have  ceafed  to  rife.    He  cafts 
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m  In  fond,  with  the  face  downwards;  takes  It'  copper. 
while  red-hot,  and  places  it  in  hot  wood  allies  j^^f^T 
3ol    without  which  precaution  it  would  break  in  tures« 
ng*. 

opper  unites  with  bifmuth,  and  forms  a  reddifh 
.:e  alloy.    With  arfenic  it  forms  a  white  brittle 
'pound,  called  tombac.    With  zinc  it  forms  the 
: pound  called  brafs,  and  diftinguifhed  by  various 
r  names,  according  to  the  proportions  of  the 
ingredients.    It  is  not  eafy  to  unite  thefe  two 
•lis  in  confiderable  proportions  by  fufion,  becaufe 
zinc  is  burned  or  volatilized  at  a  heat  inferior  to 
which  is  required  to  melt  copper ;  but  they  unite 
well  in  the  way  of  cementation.    In  the  btafs 
?:s,  copper  is  granulated  by  pouring  it  through  a 
of  iron,  perforated  with  fmall  holes  and  luted 
clay,  into  a  quantity  of  water  about  four  feet 
,  and  continually  renewed  :  to  prevent  the  dan- 
as  explofions  of  this  metal,  it  is  necefTary  to  pour 
i  fmall  quantity  at  a  time.    There  are  various 
ods  of  combining  this  granulated  copper,  or  other 
pieces  of  copper,  with  the  vapour  of  zinc, 
ine,  which  is  an  ore  of  zinc,  is  pounded,  and 

:U  the  conftru£Uon  of  telefcopes  is  foreign  to  the  immediate 
fe  of  this  work,  it  has  not  been  thought  necefiary  to  men- 
•he  fevcral  precautions  of  Mr.  Edwards  in  this  bufiaefs ; 
ne  curious  operator,  who  may  wifli  to  undertake  the  con- 
>on  of  a  reflecting  telefcope  (the  better  kinds  of  which 
•at  only  difficult  to  be  procured,  but  of  confidcralJe  price), 
lave  rccourfe  to  Edwards's  Treatife,  annexed  to  the  Nau- 
j  \lmanack  for  1787  ;  where  he  wiil  find  ample  inftruaions 
\  »t  purpofe. 

mixed 
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mixed  with  the  divided  copper,   together  with  i 
n  portion  of  charcoal.    Thefe  being  expofed  to  the 
heat  of  a  wind  furnace,  the  zinc  becomes  revived 
rifes  in  vapour,   and  combines   with  the  copper, 
which  it  converts  into  brafs.    The  heat  muft  be 
continued  for  a  greater  or  lefs  number  of  hours, 
according  to  the  thicknefs  of  the  pieces  of  copper 
and  other  circufnftances ;  and  at  the  end  of  the  p 
cefs  the  heat,  being  fuddenly  raifed,  caufes  the  b~ 
to  melt,  and  occupy  the  lower  part  of  the  crueibl 
The  raoft  fcientific  method  of  making  brafs  fe 
to  be  that  mentioned  by  Cramer  *.    The  pow<M 
calamine,  being  mixed  with  an  equal  quantity  o 
charcoal,  and  a  portion  of  clay,  is  to  be  ramnr 
into  a  melting  vefTel ;  and  a  quantity  of  cop" 
amounting  to  two  thirds  of  the  weight  of  the 
mine,  mull  be  placed  on  the  top,  and  covered 
charcoal.     By  this   management  the   volatile  zin 
afcends,  and  converts  the  copper  into  brafs,  whi 
flows  upon  the  rammed  clay  :  consequently,  if 
calamine  contain  lead,  or  any  other  metal,  it 
not  enter  into  the  brafs,  the  zinc  alone  being  raiii 
by  the  heat. 

A  fine  kind  of  brafs,  which  is  fuppofed  to  be  ma 
by  cementation  of  copper  plates  with  calamine, 
hammered  out  into  leaves  in  Germany ;  and  is  ffl 
very  cheap  in  this  country,  under  the  name  of  Dutj 
gold.  |  It  is,  as  I  find,  about  five  times  as  thick 
gold  leaf ;  that  is  to  fay,  it  is  about  one  fixty-thd 
fandth  of  an  inch  thick. 


Leaf  braft,  or 
Dutch  gold. 


*  Art  of  Affaying  Metals.    London,  1764.    Page  377' 
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brafs  be  kept  in  a  flate  of  ignition,  with  contact  copper. 
ir,  the  zinc  burns,  and  the  copper  remains.  * 
ther  the  zinc  would  quit  the  brafs  without  com-  Metallic  mix- 
on,  is  not  known  ;  though  there  is  little  doubt 
t  might  be  driven  off  in  clofe  veflels. 
;ie  quantity  of  2inc  in  good  brafs  is  about  one 

of  its  weight. 

>pper  unites  readily  with  fegulus  of  antimony; 
affords  a  compound  of  a  beautiful  violet  colour. 
Des  not  readily  unite  with  manganefe.  With 
•am  it  forms  a  dark  brOwn  fpongy  alloy,  which 
newhat  ductile. 

ipper  is  either  found  native,  moftly  in  ail  im->  Native  copper* 

rr  and  its  ores. 

(late  j  or  in  the  form  of  a  calx,  of  a  red* 
t,  or  blue  colour.  The  native  folutions  of  cop- 
requently  impregnate  calcareous  earths,  in  which 
;  depofit  the  metal.  The  turquoife  ftone  is  the 
[  of  an  animal,  penetrated  with  the  blue  calx  of 
:r.  Many  ofes  of  copper  contain  fulphur. 
lg  thefe,  the  vitreous  cOpper  ore  is  of  a  red, 
(i,  blue,  or  violet  colour;  fometimes  cryftal- 
but  ufually  foft  enough  to  be  cut  with  a  knife, 
of  the  pyrites  contain  a  confidetable  propor- 
of  copper,  together  with  iron,  fulphur,  and 
The  grey  copper  ore  is  a  fulphureous  com- 
on,  containing  arfenic:  it  is  of  a  white,  grey, 
rown  colour,  heavy,  and  difficult  of  fufiom 
lofe  copper  ore  is  of  a  brown  colour,  hard, 
compact,  and  granulated!  it  contains  the  me- 
vith  fulphur,  arfenic,  zinc,  and  iron.  Some 
i  and  one  fpecies  of  coal,  afford  copper  ;  and 

U  feveral 


HUMID  ASSAY  AND 


ores 


eus  ores : 


copper,  feveral  waters  contain  this  metal,  diffolved  in  vitriolic 
1       v      '  or  marine  acid. 

«pj«°-f  natiVC  Native  copper  may  be  afTayed  in  the  humid  way 
by  folution  in  nitrous  acid.  If  it  contain  gold,,  Aj8 
metal  falls  untouched  to  the  bottom,  in  the  form  of 
a.  black  powder  \  if  fUver,  it  is  foon  precipita^ 
by  more  copper  ;  if  iron,  by  boiling  the  folution  foi 
fome  time,,  it  is  gradually  calcined,  and  falls  to  tt^j 
bottom. 

—  of  cakiform      ^he  cafciform  copper  ores  are  foluble  in  acids,  }ML 
may  be  precipitated  either  by  iron,  which  affords.  thL 
copper  in  the  metallic  ftate ;  or  by  mild  alkali,  whjcf; 
throws  down  194  grains  of  precipitate  for  every  loj 
grains  of  copper. 

of  fulphurc-     Sulphureous  copper  ores  may  be  powdered,  arT 
gently  boiled  to  drynefs  in  five  times  their  w$ig| 
of  concentrated  vitriohc  acid."    The  whole,  >  : 
part  of  the  fulphur,  Hies  off  by  this  heat.  T! 
vitriolic  fait  of  copper  requires  at  leaft  four  tiffin 
Its  weight  of  water  to  diffolve  it.    A  fufficient  quaWL 
tity  being  therefore  added,  and  a  polifhed  iron, 
boiled  in  the  folution,  the  copper  will  be  prefBB 
tated.    If  iron  be  found  to  be  mixed  with  the  pM 
cipitate,.  it  muft  be  again  diffolved,.  to  obtain  a  riclj^ 
folution.    This  will  depofit  pure  copper,  if  the 
.  ration  be  conducted  as  before.    If  it  contain 
metals*  they  may  be  eafily  feparated  by  folutioBf 
nitrous  acid. 

—  in  the  dry  In  the  dry  way,,  the  fulphureous  ores  of  copjj 
muft  be  firfl  pulverized,  and  feparated  as  inuchl 
poffible  from  the  earthy  and  ft-ony  particles;  t|| 

roaff 


way 
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afited,  to  feparate  the  fulphur  and  arfenic ;  and,  copper. 
ftly,  melted  with  an  equal  weight  of  M.  Tillet's  *  y 
OS,  which  confifts  of  two  parts  of  pounded  glafs, 
ic  calcined  borax,  and  £  of  charcoal.    More  borax 
ay  be  added  if  the  ore  be  poor.    Alkaline  fluxes  are 
irtful  in  the  fufion  of  copper  ores,  becaufe  the  fait 
mbines  with  the  fulphur,  and  forms  hepar,  which 
Iblves  part  of  the  copper. 
[■  In  the  large  way.  copper  is  roafted  in  a  clofe  fur-  Treatment  of 

°         '        x  r  copper  ores  in 

ce,  by  a  flow  fire,  to  fcorify  the  mixtures  of  iron,  the  large  way. 
d  other  fubftances.  By  repeated  fufions  with  ful- 
:ur  and  charcoal,  the  fcorified  metal  rifes  to  the  top, 
d  is  fcummed  off.  The  copper  in  the  great  Hun- 
|  rian  mines  is  faid  to  undergo  fufion  fourteen  times 
fore  it  is  fit  for  fale.  The  roafted  ore  in  the  ifle 
Anglefey  is  deprived  of  its  vitriolic  fait  by  warn* 
{ ;  and  the  copper  is  precipitated  by  means  of  old 
■n  immerfed  in  the  water.  This  precipitated  cop- 
r  is,  however,  but  a  fmall  proportion  of  the  whole 
)duce. 

^Copper  is  found  in  various  parts  of  the  world  ;  in  Countries  where 
Uin,  France,  England,  Norway,  Hungary,  Swe-C°PpCr"  ' 
ij  and  elfe where.    The  Japan  copper  is  faid  to  be 
rer,  and  has  a  greater  fpecific  gravity,  than  any 
.er  copper.    The  wire-drawers,  who  require  cop- 
of  extraordinary  duftility,  ufe  the  Swedifh  cop* 
The  copper  mines  in  England  are  exceedingly 
merous  and  productive.    Paris  mountain,  on  the 
of  Anglefey,  contains  a  bed  of  ore  forty  feet 
thicknefs ;  and  is  faid  to  produce  upwards  of  four 
ufand  tons  of  copper  annually. 

U*  The 
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copper.  The  ufes  of  this  metal  are  too  numerous  to  be 
cZ^^ufd  diftin&ly  fpecified.  It  has  for  fome  years  pad  been 
to  various  ufes.  applied  with  great  fuccefs  and  advantage,  for  (heath. 

ing  the  bottoms  of  mips ;  and  feveral  builders  have 
lately  endeavoured  to  introduce  it  as  a  covering  for 
houfes.    It  is  the  lighteft  of  all  coverings ;  but  whe- 
ther it  be  more  durable  than  flate,  which  is  nearly  at  I 
light,  has  not  yet  been  afcertained  by  experience. 
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CONCERNING  IRON. 


..ON  is  a  metal  of  a  blueifli  white  colour,  of  con-  iron. 
iderable  hardnefs  and  elafticity ;  very  malleable,  charafTcn  0f 
edingly  tenacious  and  ductile,  and  of  a  moderate  »ron. 
ific  gravity  among  metallic  fubftances.   It  is  much 
ofed  to  ruft  by  the  accefs  of  air,  or  the  a£Hon  of 
sr,  in  the  common  temperature  of  the  atmofphere. 
:  appearance  of  prifmatic  colours  on  its  polilhed 
ace  takes  place  long  before  ignition ;  and  at  fo 
a  temperature,  that  the  flighteft  coating  of  greafe 
.fficient  to  prevent  their  appearance,  by  defending 
•om  the  contact:  of  air.    It  may  be  ignited,  or 
-•aft  rendered  fufficiently  hot  to  fet  fire  to  brim- 
.2,  by  a  quick  fucceffion  of  blows  with  a  hammer. 
,n  ftruck  with  a  flint,  or  other  hard  ftone,  it 
>s  decrepitating  ignited  particles,  fuch  as  can  be 
iined  from  no  other  metal  by  the  fame  means. 
t'.e  particles   are   feldom  larger  than  the  two 
ilredth  part  of  an  inch  in  diameter;  and,  when 
lined  by  a  magnifier,  are  found  to  be  hollow, 
ie,  and  of  a  greyilh  colour,  refembling  the  fcales 
urned  iron.    This  metal  is  eafily  calcined  by  fire, 
ece  of  iron  wire,  immerfed  in  a  jar  of  vital  air, 
;  ignited  at  one  end,  will  be  entirely  confumed 
ie  fucceflive  combuftion  of  its  parts.    It  requires 
)ft  intenfe  heat  to  fufe  it ; ,  on  which  account  it 
3nly  be  brought  into  the  fliape  of  tools  and  uten- 
U  3  Gig 
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iron 


fils  by  hammering.  This  high  degree  of  infufibility 
Charaflers  of  would  deprive  it  of  the  mod  valuable  property  o: 
metals,  namely,  the  uniting  of  {mailer  mafles  into 
one,  if  it  did  not  pofiefs.  another  lingular  and  advan 
tageous  property,  which  is  found  in  no  other  meta 
except  platina  ;  namely,  that  of  welding.  In  a  white 
heat  iron  appears  as  if  covered  with  a  kind  of  var* 
nifh ;  and  in  this  ftate,  if  two  pieces  be  applied  tog&, 
ther,  they  will  adhere,  and  may  be  perfectly  unitej 
by  forging.  Iron  is  thought  to  be  the  only  fubftancc 
in  nature  which  has  the  property  of  becoming  mag- 
netical.  It  is  highly  probable,  from  the  great  abun. 
dance  of  this  metal,  that  all  fubftances  which  exhibit 
magnetifm  do  contain  iron ;  but  it  rauft  be 
felTed  that  there  remain  many  experiments  to  be 
among  the  earths  and  powders  which  exhibit 
netical  properties,  before  this  negative  propofi 
which  confines  magnetifm  to  iron,  can  be  ad 
as  proved. 

When  iron  is  expofed  to  the  aftion  of  pure 
it  acquires  weight  by  gradual  calcination,  and 
flammable  air  efcapes :  this  is  a  very  flow  op 
tion.    But  if  the  fteam  of  water  be  made  to  pafi 
through  a  red-hot  gun-barrel,  or  through  an  ignitej 
copper  or  glafs  tube  containing  iron  wire,  the  iroj 
becomes  converted  into  a  calx  5  while  inflammabll 
air  paries  out  at  the  other  end  of  the  barrel.  Thi 
capital  experiment  *  may  be  accounted  for  according 
Ancient  theory,  to  the  ancient  and  modern  theories.    In  the  ancietjj 
theory,  it  is  fuppofed  that  the  water  has  combine! 
with  the  iron,  and  difengaged  its  phlogifton  in  tl 

*  Of  M.  Lavoificr. 
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rm  of  inflammable  air ;  and  confequently  that,  iron. 
ien  this  calx  is  again  revived  by  heating  a  portion  ^a]c-ination  of* 

it  in  inflammable  air  with  a  burning  glafs,  and  iron  by  water, 
iter  appears,  at  the  fame  time  that  part  of  the 
lammabie  air  is  abforbed,  the  iron  has  imbibed 
.logifton,  and  given  out  its  water.    Clear  as  this 
p'anation  appears  to  be,  the  folution  afforded  by 
;  modern   theory  is   not  lefs  perfpicuous.    The  Modern  theory, 
untainers  of  this  theory  reafon  as  follows  :  Iron  has 
t  been  fhewn  to  be  a  compound  fubftance ;  let  us 
erefore  confider  it  as  a  Ample  fubftance,  until  we 
>flefs  experiments  which  fhew  the  contrary.  Water 
.s  been  {hewn  to  be  a  compound  fubftance,  by  the  See  page  95. 
•  periment  of  its  production,  by  burning  dephlogifti- 
tcd  and  inflammable  air  together.    We  may  fairly 
erefore  affirm,  that  the  inflammable  air  came  frorri 
e  water,  in  which  we  know  it  to  exi'ft ;  and  that 
-  e  vital  air  of  the  water,  the  peculiar  inftirument  of  Page  93.  131. 
lcination,  has  combined  with  the  iron.    On  the 
^her  hand,  when  the  iron  is  revived  in  inflammable 
r,  the  water  which  appears  is  the  very  product  of 
•jmbination  which  was  decompofed  in  the  former 
:  .fiance.    Tor  the  vital  air  quits  the  iron  to  unite 

the  fluid  ftate  with  the  inflammable  air  ;  and  the 
on,  being  fet  at  liberty,  recovers  its  original  ftate  \ 
iat  is  to  fay,  it  is  revived. 

That  the  iron,  in  the  one  inftance,  attracts  vital  Difficulty, 
r  from  the  water,  and  difengages  inflammable  air  ; 
j  nd,  in  the  other  inftance,  exhibits  a  lefs  affinity  with 
!  iat  fubftance,  fo  as  to  reftore  it  to  its  former  com- 
mation  •,  is  a  difficulty  which,  in  the  prefent  ftate  of 
ur  information,  can  only  be  accounted  for  by  fup- 

U  4  pofing, 
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iron.      pofmg,  that  the  temperature  in  the  furnace  differs! 
I  from  that  produced  by  the  burning  glafs ;  and  that  j 
iron  by  water,    thefe  affinities,  like  moll  others  in  chemiftry,  are  j 
not  the  fame  at  all  temperatures.    This  difficulty  | 
affects  both  theories  alike  j  for  it  is  not  eafier  to  f 
account  for  the  contrary  tranfitions  of  water  andl 
Theory.     phlogifton,  which  mutually  expel  each  other  in  thej 
old  theory,  than  for  the  tranfitions  of  dephlogiffiJ 
cated  and  inflammable  air  in  the  new  theory. 

The  philofophers  who  reject  phlogifton  infill,  more-i 
over,  that  the  weight  of  the  inflammable  air  pro! 
duced,  being  deducted  from  the  weight  of  the  watei 
made  ufe  of,  leaves  a  quantity  equal  to  the  increafji 
the  iron  gains  by  calcination  ;  and  that  by  burnin|| 
the  whole  inflammable  air  produced,  with  a  quantitjl 
of  vital  air  equal  in  weight  to  the  gain  of  the  iron,  u 
new  quantity  of  water  is  recompofed,  which  is  equal 
likewife  to  that  made  ufe  of.  Hence  they  urge,  thai 
it  is  infinitely  more  probable  that  the  infiammabljlj 
air  came  from  the  water  than  from  the  iron.  Thili 
latter  fa£t,  of  the  recompofition,  is  in  their  favour 
but  the  former  is  not.  For  whatever  the  inflammM 
ble  air  comes  from,  the  fir  ft  equation  will  be  truejl 
that  is  to  fay,  if  the  iron  give  out  phlogifton, 
receive  water,  its  acceffion  of  weight  will  be  equ 
to  the  difference  between  the  water  it  has  receive 
and  the  phlogifton  it  has  loft ;  but  the  reprodu£r,i(fl 
of  the  water  loft  will  fhew  that  the  inflammable 
really  correfponds  with  the  quantity  required  to  fonrjl 


*  It  may  be  urged  that  the  two  airs  contain  much  watt} 
and  for  that,  as  well  as  other  reafons,  their  abfolute  quanu'tl 

canrt 
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much  water,  if  we  admit  the  accuracy  of  the  iron. 
eriments.  v  J 

"he  concentrated  vitriolic  acid  fcarcely  a£ts  on  Solution  of  iron 
i,  unlefs  it  be  boiling.    When  the  acid  is  diftilled  vltrlollc 
Irynefsfrom  this  metal,  the  retort  is  found  to  con- 
i  fublimed  flowers  of  fulphur,  and  a  white  vitriolic 
.rs,  partly  foluble  in  water :  the  product  which 
ies  over  is  volatile  vitriolic  acid,  and  vitriolic  acid 
If  the  vitriolic  acid  be  diluted  with  two  or  three 
tts  of  water,  it  diflblves  iron  readily,  without  the 
tance  of  any  other  heat  than  is  produced  by  the  act 
combination.    During  this  folution,  inflammable 
efcapes  in  large  quantities.    If  heat  be  applied, 
acid  proceeds  to  duTolve  more  iron,  and  depolits 
hite  faline  mafs,  or  pale  vitriol  of  iron. 

r'he  combination  of  vitriolic  acid  and  iron,  called  Martial  vitrioJ. 
:  tial  vitriol,  is  much  more  foluble  in  hot  than  cold 
er ;  and  therefore  cryftallizes  by  cooling,  as  well 
»y  evaporation.    The  cryftals  are  efflorescent,  and 

Hot  be  afcertnined.    But  it  is  not  required  to  afcertain  their 
.ute  quantities  :  for  it  is  enough  if  the  two  airs  in  this 
-.npofition  be  exattly  in  the  fame  ftate  as  in  the  original 
rimsnt,  by  which  the  component  parts  of  water  were  dcter- 
1  d.    If  a  certain  portion  of  water  be  neceffary  to  inflamma- 
i  ir  in  the  elaftic  ftate,  it  muft  of  courfe  take  it  from  the  fteam 
;ie  gun-barrel  at  the  inftant  of  its  extrication,  and  not  after- 
s  Lorn  the  water  of  the  receivers:  this  requires  to  be 
rmed  by  an  experiment  over  mercury.    How  far  Dr.  Prieft- 
experiments  (Phil.  Tranf.  lxxviii.  and  lxxix.)  may  affe& 
•ofition,  that  water  is  a  compound  fubftance,  cannot  be  clearly 
tamed  until  it  is  Ihewn  that  the  acid  produced  in  burning 
two  airs  does  not  arifc  from  impurity  in  one  or  both  of 
•    See  page  95. 

5  fall 
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iron.  fall  into  a  white  powder  by  expofure'to  a  dry  air,  the. 
Martial  vitriol.  iron  becoming  more  calcined  than  before.  A  foJution 
of  martial  vitriol,  expofed  to  the  air,  imbibes  its  vital 
part;  and  a  portion  of  the  iron,  becoming  too  muchcaL 
cined  to  adhere  to  the  acid,  falls  to  the  bottom  in  the 
form  of  ochre.  The  folution,  as  well  as  the  cryftals 
it  affords  by  evaporation,  are  thus  rendered  paler  than 
before. 

Page  140,       Martial  vitriol  is  not  made  in  the  direct  way,  be.) 

caufe  it  can  be  obtained  at  lefs  charge  from  the  de- 
compofition  of  martial  pyrites. 
Theory  of  the       rJTHe  different  appearances  which  accompany  thel 

effedsofvitriolic  .  ..... 

acid  upon  iron ;  folutions  of  iron  in  the  vitriolic  acid,  may  be  accounU 
doftrine  of  phlo-  e<i  f°r  according  to  the  principles  either  of  the  an«j 
Slfton-  cient  or  modern  theories.    In  the  ancient  theory,  im 

being  fuppofed  to  contain  phlogifton,  or  the  principle 
of  inflammability,  is  calcined  in  both  cafes ;  that  \i 
to~  fay,  it  gives  out  phlogifbon  *.  With  the  conctM* 
trated  acid  the  folution  does  not  take  place ;  becauS! 
the  capacity  of  the  mixture  for  heat,  and  confequentlil 
its  abfolute  quantity  of  heat,  is  too  fmall  to  fupply  whal 
the  increafed  capacity  of  the  vitriolic  acid  air  woulj' 
require,  and  confequently  the  iron  is  not  decompofed* 
But  when  heat  is  applied,  the  phlogifton  of  the  iron  1 
uniting  with  the  bafis  of  part  of  the  acid,  forms  fuifj 
phur  ;  which >  together  with  another  portion  of  tilfl 
acid,  rifes  in  the  form  of  vitriolic  acid  air ;  at  tM 
fame  time  that  the  vital  air  of  the  decompofed  acM 
unites  with  the  calx  of  iron,  which  becomes  folun 

*  Kirvvan,  in  Philof.  Tranfaft.  vol.   lxxii ;   and  Effay 
Phlogifton,  London,    1789,  page  6z,  or  page  28  of  the  <J 
edition. 
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he  acid  that  remains:  but  when  much  water  is  iron. 
;nt,  as  in  the  diluted  acid,  the  heat  is  fupplied  *  !^ory. 
:  the  great  capacity  of  the  water  ;  the  phlogifton 
ae  iron  aflumes  the  elaftic  form  j  and  infiamma- 
.ur  flies  off,  while  the  acid  unites  with  the  calx 
on,  and  forms  vitriol.    The  decompofition  of  the 
in  the  former,  and  not  in  the  latter  cafe,  is  ac- 
ted for  from  its  ftrong  attraction  to  the  water, 
onfiderable  heat,  applied  with  the  diluted  acid, 
nes  the  iron  more  perfectly ;  which  then  either 
1  rs  into  the  compofition  of  pale  vitriol,  containing 
ger  proportion  of  acid,  or  falls  down  in  the  form 
alx.    The  accefs  of  air  does  the  fame  thing  more 
ually. 

the  antiphlogiflic  theory,  iron  is  afTumed  to  be  a  —  according  to 

,     r  ,  n  •    -  i-        •  1  •     r  •  1       1  r  1  theantiphlogiftic 

le  lubitance ;  vitriolic  acid  is  laid  to  be  compoled  dodrine. 
;ital  air  and  fulphur;  and  water  is  admitted  to  be 
:mpofable.    When  iron  therefore  is  applied  to 
entrated  vitriolic  acid,  the  principles  retain  their 
r  of  combination  at  a  common  temperature  ;  but 
on  as  the  temperature  is  raifed,  the  iron  becomes 
ned,  by  attracting  vital  air  from  part  of  the  acid, 
le  fulphur  is  therefore  fet  at  liberty,  and  flies 
pith  another  portion  of  the  acid,  in  the  form  of 
I  }lic  air ;  while  the  remaining  acid  combines  with 
of  the  calx.    But  when  the  acid  is  more  diluted, 
vater  itfelf  is  decompofed ;  its  inflammable  air  is 
igaged  j  its  vital  air  unites  with  and  calcines  the 
;  and  the  vitriolic  acid  diflblves  the  calx, 
he  neceflity  of  heat  being  applied  to  the  concen- 
:d  folution  in  the  one  cafe  rather  than  the  other, 
be  referred  to  the  capacities  of  the  bodies,  before 

and 
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iron.      and  after  the  change,  in  either  theory.   But  it  muft  be 
Theor  of  ti^  confeffe£l  that  the  caufe  of  the  difengagement  of  vari- 
ation of  vitri-  olic  air  in  the  one  cafe,  and  inflammable  in  the  other  i : 
•lie  acid  on  iron.  .  *f 
is  not  fo  well  folved.    It  has  not  been  explained,  upon) 

the  old  theory,  why  the  phlogifton  in  one  cafe  unites  1 
with  the  acid,  and  forms  fulphur,  and  in  the  other  fliei! 
off  alone ;  neither  has  it  been  fhewn,  in  the  new 
theory,  why  the  water  mould  not  be  decomposed  itif 
the  former  inftance,  as  well  as  the  latter. 

The  further  calcination  of  the  iron  by  heat,  or  bj|* 
expofure  of  the  folution  to  the  air,  is  accounted  for, 
in  the  new  theory,  from  the  abforption  of  more  vitals 
air.  The  general  fact,  that  a  definite  degree  of  califl 
cination  is  neceflary  for  the  mofl  perfect,  folution  oi s 
metals  in  acids,  depends  on  attractions  which  hard* 
not  been  experimentally  refolved ;  but  which,  intbfl 
way  of  conjecture,  may  be  as  eafily  accounted  for 
one  theory  as  by  the  other. 

Vitriol  of  iron  is  decompofed  by  alkalis  and  bj 
lime.  Cauftic  fixed  alkali  precipitates  the  iron  in  dttfR 
green  flocks,  which  are  diflblved  by  the  addition  oja 
more  alkali,  and  form  a  red  tincture.  The  miljk 
alkali  does  not  rediflblve  the  precipitate  it  throS*i| 
down,  which  is  of  a  greenifh  white  colour.  Diftillajft 
tion  feparates  the  acid  from  martial  vitriol,  and  lezKjJI 
the  brown  calx  of  iron,  called  colcothar. 

Vegetable  aftringent  matters,  fuch  as  nut-galls,  tl 
hufks  of  nuts,  logwood,  tea,  &c.  which  contain 
acid  of  galls  hereafter  to  be  defcribed,  precipitate  HI 
fine  black  fecula  from  martial  vitriol,  which  reman 
fufpended  for  a  confiderable  time  in  the  fluid,  by  t 
addition  of  gum  arabic.    This  fluid  is  well  known 

tl 
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tame  of  ink.    It  appears  to  confift  of  the  acid  of  ^  iron. 

.  united  to  the  calx  of  iron:  but  its  nature  has  ,pkj  its  nature 
.>een  well  determined ;  more  efpecially  by  an  ex-  doubtiui. 
ation  of  the  contents  of  the  fluid  which  remains 
the  precipitate  has  been  completely  depofited. 
black  fecula  is  not  magnetical ;  but  it  is  con- 
d  into  a  brown  magnetic  calx  by  heat.    An  ex- 
>f  either  of  the  three  ancient  mineral  acids  ren- 
tnk  colourlefs  j  but  the  acetous  acid,  or  vinegar, 
not.    Ink  becomes  blacker  by  expofure  to  the 
which  acidifies  more  completely  the  principle 
lined  with  the  iron  ;  but  ancient  writings  become 
and  more  yellow,  in  confequence  of  the  efcape 
e  acid  #.   Their  legibility  may  be  reftored  by  the 
ion  of  infufion  of  galls,  or  gallic  acid.    The  bed 
od  of  reftoring  the  legibility  of  ancient  writ- 
inks  feem  to  fail  chiefly  on  account  of  the  fmall  proportion 
k  llru&ibility  of  the  aftringent  principle,  or  gallic  acid.  Dr. 

recommends  the  following  receipt  for  writing-ink  (Com- 
|i  of  Arts,  page  391):  One  part  martial  vitriol,  one  part 
red  logwood,  and  three  parts  powdered  galls,  are  to  be 
1  in  one  quart  of  vinegar,  or  white  wine,  or  water,  for 
unce  of  the  vitriol,  together  with  one  ounce  of  gum  ara- 
>r  each  quart  of  the  liquor;  and  fhaken  for  four  or  .five 
a  day,  during  ten  or  twelve  days :  after  which  it  may  be 
\,  ed  for  ufe. 

le  above  I  muft  remark,  that  though  vinegar  affords  a  good 
ink,  yet  Dr.  Lewis  has  overlooked  a  great  inconvenience 
ing  its  ufe.  It  acts  fo  ftrongly  upon  the  quills,  that  the 
J  '.efs  of  the  extremity  of  a  pen  ufed  with  this  ink  foon 
)ff,  and  continually  wants  mending.  A  perfeft  theory  of 
■'ould  probably  lead  to  great  improvements  in  this  raoft 
fluid. 

ings 
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iron.  ings  *  confifts  in  fpreading  a  folution  of  the  Pruffia 
« — T£  i  alkali  thinly  with  a  feather  over  the  traces  of  tl 

Manufacture  of  / 

Pruffian  blue,    letters ;  and  then  to  touch  it  gently,  and  as  nearl 
upon  or  over  the  letters  as  can  be  done,  with  a  dilute 
acid,  by  means  of  a  pointed  flick. 
•  The  beautiful  pigment,  well  known  in  the  arts 
the  name  of  Pruffian  blue,  is  likewife  a  precipi 
afforded  by  martial  vitriol.    It  has  been  made  f 
fiderably  more  than  half  a  century  ;  but  its 
fition  is  not  yet  clearly  afcertained.    The  proc 
making  it  is  as  follows :  Calcine  a  mixture  of 
parts  of  vegetable  alkali  and  dried  bullocks 
until  it  ceafes  to  emit  either  flame  or  fmoke  ;  tW 
raife  the  fire, ,  to  give  the  mafs  a  low  red  he} 
Throw  the  matter  while  red-hot  into  as  many 
of  water  as  there  were  pounds  of  the  original  mi 
and  boil  it  for  half  an  hour.    Decant  the  liquid, 
warn  the  coaly  refidue  with  more  water,  till  it  cor 
almoft  infipid.    Add  this  water  to  the  former, 
evaporate  the  whole  by  boiling,  until  it  be  re( 
again  to  the  former  number  of  quarts.    This  : 
Pruffian  alkali,  lixivium  fanguinis,  or  Pruman  alkali ;  which,  if  s 
in  a  proper  quantity  to  a  folution  of  iron,  preci 
it  partly  in  the  form  of  calx,  and.  partly  in  the 
of  Pruffian  blue.    If  the  marine  acid  be  added  t 
precipitate,  it  diflblves  tlie  calciform  part,  and  lea) 
the  Pruffian  blue  much  purer.    Hence  it  appears  t| 
the  whole  of  the  alkali,  in  the  ufual  method  of  i 
cination  with  bullocks  blood,  or  other  animal  fl 
fiances,  is  not  faturated  with  the  colouring  matter, , 


*  Blagdcn,  in  Philof.  Tranf.  vol.  lxxv.  page  455- 
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t  the  unfaturated  part  of  the  alkali  precipitates  part  iron.-" 

the  iron  in  the  calciform  ftate ;  while  the  other  *       v  , 

t,  combining  with  the  colouring  matter,  falls  down 

the  form  of  Pruffian  blue.    For  chemical  purpofes,  Pruffian  alkali 

;  Pruffian  lye  is  produced,  by  boiling  the  alkali  upon  pVrpofes!""" 

jffian  blue  ready  formed.    The  calx  of  iron  is  thus 

>rived  of  the  colouring  matter  by  the  alkali,  to  - 

ich  it  has  a  greater  affinity,  and  which  it  only  quits 

en  there  is  another  acid  prefent  to  unite  with  the 

ali  i  as  in  the  juft-mentioned  inftance  of  the  folu- 

n  of  iron,  where  a  double  affinity  takes  place.  The 

iffian  alkali,  prepared  in  either  way,  contains  fome 

a.    It  can  be  had  pure  in  no  other  way  than  by 

2C~tly  combining  the  pure  colouring  matter  with  a 

•e  alkali. 

rhe  habitudes  of  this  colouring  matter  denote  it  Acid  of  Pruffian 

je  an  acid.    If  the  Pruffian  alkali  be  boiled  in  a  blue" 

:>rt  with  weak  vitriolic  acid,  the  colouring  matter 

aes  over  in  the  form  of  an  inflammable  air,  which 

I  be  abforbed  by  water  placed  in  the  receiver. 

a  portion  of  vitriolic  acid  likewife  comes  over,  a 

and  diftillation  is  neceflary  to  be  made,  with  the 

tition  of  chalk.    The  vitriolic  acid,  by  this  means 

ming  felenite,  is  detained ;  while  the  Pruffian  acid 

res  over  totally  before  one-fourth  of  the  water  is 

:illed  off. 

rhe  colouring  matter  of  Pruffian  blue  is  not  only  Combinations  of 
zed  by  the  fixed  alkalis,  but  likewife  by  the  volatile  Pruffianacid- 
A  by  lime;  by  magnefia,  and  by  ponderous  earth ; 
M?  which  it  forms  peculiar  compounds,  capable  of 
•cipitating  Pruffian  blue,  by  double  affinity,  from  the 
utions  of  iron  in  acids,.    Various  metals  likewife 

k  com- 
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^     IR(m-      combine  with  it    Alkalis,  or  lime,  combined  with 
Camion  in  ufing  thc  Pruflian  acid,  are  ufed  as  tells  to  afcertain  the 
proof  liquors,     prefence  and  quantity  of  iron  in  folution.    But  all 
the  alkaline  or  earthy  combinations,  produced  by  ap- 
plying thofe  fub  fiances  to  Pruflian  blue,  contain  iron, 
which  falls  down  in  the  form  of  the  blue  precipitate 
when  an  acid  is  added.    For  this  reafon  they  cannot 
be  ufed  in  accurate  experiments,  unlefs  a  previous 
trial  has  been  made  of  the  quantity  a  known  propor- 
tion of  the  proof  liquor  is  capable  of  precipitating* 
Experiments  on     If  the  dephlogifticated  or  aerated  marine  acid  be 
mixed  with  the  Pruflian  acid,  the  former  refumej 
the  flate  of  common  marine  acid ;  while  the  lattel 
acquires  a  much  flronger  fmell,  and  appears  to  km 
more  volatile.    In  this  fituation  it  docs  not  fornj' 
Pruflian  blue  with  the  folutions  of  iron ;  but  affordM 
a  green  precipitate,  which  becomes  blue  by  expofurH 
to  the  light,  or  by  the  addition  of  volatile  vitrioMl 
acid. 

If  martial  vitriol  be  added  to  the  dephlogifticatejjj! 
or  aerated  marine  acid,  and  a  folution  of  PrufliaJ^ 
alkali  be  poured  in,  the  green  precipitate  which  : 
formed  is  again  diflblved  ;  but  it  maybe  precipitate!  <# 
of  a  blue  colour  by  the  addition  of  volatile  vitrkjffl| 
acid,  or  martial  vitriol,  or  iron  alone. 
Theory.         In  the  inflances  lafl  mentioned  we  may  perceifj| 
that  the  effects  depend  on  the  dephlogiftication  oraiB 
dition  of  vital  air  to  the  Pruflian  acid,  according  f 
as  we  adopt  the  ancient  or  the  modern  theory.   T!  T 
green  precipitate,  which  may  be  confidered  eith|  f 
as  dephlogifticated  Pruflian  blue,  or  as  Pruflian  blfl 
combined  with  vital  air,  becomes  common  Pruflii# 
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by  the  action  of  light;  which,  as  we  have  fre-  iron. 
itJy  had  occafion  to  remark,  operates  in  many  pa?|.  ^  l6gJ 
inces  in  a  manner  contrary  to  that  of  combuf-  178. 
;  that  is  to  fay,  it  either  adds  phlogifton,  or  ex- 
vital  air,  or  does  both.    By  this  action  there-  Theory  of  the 

cffcdts  of  ncr  i ted 

the  Pruffian  blue  returns  to  its  original  Hate. 

marine  acid  on 

:  addition  of  volatile  vitriolic  acid  muft  produce  a  Pruffian  acid* 
efFect ;  for  this  acid  is  phlogifticated  according  to 
;>ld  theory,  or  is  deficient  in  vital  air  according 
te  new:  it  is  therefore  difpofed  either  to  phlogif- 
e  the  green  precipitate,  or  to  attract  vital  air 
it ;  which  is  all  that  it  requires  to  convert  it  into 
-non  Pruman  blue.    The  fame  theories  manifeftly 
f  to  the  green  precipitate,  which  is  rediflolved ; 
I  i  whatever  ftate  of  combination  it  may  be  fup- 
1  to  remain,  as  to  the  order  or  arrangement  of 
principles  which  are  united  in  the  fluid,  the  addi- 
L  of  volatile  vitriolic  acid,  '  or  common  vitriol, 
on  in  the  metallic  ftate,  will  impart  phlogifton, 
tract  vital  air ;  the  abfence  of  the  one,  or  re- 
mce  of  the  other  of  which,  is  fuppofed,  accord- 
d  the  refpective  theories,  to  caufe  the  difference 
:en  it  and  Pruman  blue* 

the  Pruman  acid  be  impregnated  more  ftrongly  Experiment, 
the  dephlogifticated  or  aerated  marine  acid,  and 
expofed  to  the  action  of  light,  it  aflumes  new 
rties.  It  no  longer  combines  with  iron  precipi- 
from  its  folutions ;  its  fmell  is  entirely  different 
that  which  it  before  pofTefTed ;  and  now  refembles 
Dmatic  oil,  the  greateft  part  of  it  feparating  from 
rater,  at  the  bottom  of  which  it  flows  in  the 
of  an  oil   This  fluid  however  is  not  inflam- 

X  mablg. 
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iron.      mable.   By  a  gentle  heat  it  rifes  in  the  form  of  a 

'  *  J  vapour,  not  foluble  in  water:  and  in  time  it  aflumes 

the  form  of  fmall  cryftais.    Pruflian  acid  cannot  be 
Teftored  after  it  has  undergone  thefe  changes.  Thei- 
theory  is  not  known. 
Difcoveryof  the    Various  experiments  have  been  made  to  difcovcj 
ffiS  the  component  parts  of  the  Pruflian  acid    If  e,* 
parts,  of  pulverized  charcoal  and  vegetable  alkali  U 
made  red-hot  for  a  quarter  of  an  hour  in  a  cmcibl 
and  fome  fel  ammoniac  in-  fmall  pieces  be  thd 
brilkly  ftirred  down  into  the  mafs,  the  ammoniad 
vapours  will  foon-  ceafe.   The  ignited  matter  beij 
then  thrown  into  water,  affords  a  lixivium  equal  I 
the  beft  which  is  made  with  blood.    From  thefe,  4 
other  experiments,  k  was  concluded  that  its  comj 
nent  parts  are  fixed  air>  volatile  alkali,  and  the  pj 
ciple  of  inflammability,  or  phlogifton.    Later  expt 
ments  appear  to  have  decided  the  queftioa  fom 
more  accurately.    When  the  acid  has  been  conv 
by  means  of  the  dephlogifticated  or  aerated  M 
acid,  into  that  ftate  which  affords  a  green  precip 
with  iron,  it  emits  alkaline  air  upon  the  addki 
lime,  or  a  pure  alkali.    If  the  lime,  or  alkali,  be 
wards  faturated  by  the  addition  of  fome  other  4| 
the  Pruflian  acid  is  not  difcngaged,  or  reftoredj 
is  no  where  found  j  hence  it  follows,  that  the  alk.1 
air  was  one  of  the  principles  of  the  Pruflian  ' 
which  is  deftroyed :  and  as  the  Kme  or  alkali  , 
in  this  decompofition  is  found  to  be  in  a  mild  J 
that  is  to  fay,  combined  with  fixed  air,  thou* 
did  not  contain  that  fubftance  before ;  it  is  cfcai 
the  other  principle  of  the  Pruflian  acid  is  fixe. 


OF  PRUSSIAN  ACID 


e  common  Pruffian  acid  confifts  therefore  of  vo-  iron. 
le  alkali,  united  with  the  bafe  of  fixed  air,  or  that  Jr^^""^ 
ftance  which,  in  combination  with  vital  air,  forms  parts  of  Pruf- 

,Tr1         i      -n     rr  •  1  fiaa  acid. 

acid  called  fixed  air.  When  the  Pruflian  acid 
eives  vital  air,  and  is  converted  into  the  ftate  pro- 

to  afford  the  green  precipitate,  it  then  appears  to 
lift  of  the  fame  principles  as  the  mild  or  concrete 
itile  alkali,  though  probably  in  a  different  order 
combination  j  and  this  order  feems  to  be  deranged 
the  addition  of  the  lime,  or  the  fixed  alkali,  which 
•a£ts  thofe  principles  that  form  fixed  air,  at  the 
le  time  that  the  principles  which  form  volatile 
lli  fly  off  in  the  elaftic  ftate. 

The  component  parts  of  Pruffian  acid  will  confe- 
ntly  be  phlogifticated  air,  inflammable  air,  and 
d  air,  or  its  bafe ;  all  which  are  afforded  by  animal 
fiances :  but  they  do  not  form  this  peculiar  com- 
ition  in  any  cafe  yet  known,  excepting  that  in 
ch  an  alkali  is  prefent  when  thofe  fubftances  are 
i  >mpofed  by  fire  *. 

(.bncentrated  nitrous  acid  a£ts  very  ftrongly  upon  Adion  of  nitrous 
.  filings,  much  nitrous  air  being  difengaged  at  the  **'  °Q  ir°a' 
e  time.    The  folution  is  of  a  reddim  brown,  and 
fits  the  calx  of  iron  after  a  certain  time  j  more 
xially  if  the  veffel  be  left  expofed  to  the  air.  A 
ted  nitrous  acid  affords  a  more  permanent  folution 

For  a  fuller  account  of  this  fubjeft  confult  Scheele's  Effays  ; 
Dpufcula,  or  Chemical  Effays,  of  Bergman ;  and  the  Annales 
Ihimie,  vol.  i ;  the  latter  of  "which  contains  an  abftraft  of  a 
able  memoir  of  Berthollct,  read  before  the  Royal  Academy 
•ciences  at  Paris,  in  the  year  1787. 
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iron.      of  iron,  of  a  greenifh  colour,  or  fometimes  of  a  yeljfl 

'  y  '  low  colour:  neither  of  the  folutions  affords  cryftalsjJ 

but  they  depofit  the  calx  of  iron  by  boiling,  at  the  farm}  J 
time  that  the  fluid  afTumes  a  gelatinous  appearance* i 
This  magma,  by  diftillation,  affords  fuming  nitrous  aculJ 
much  nitrous  air,  and  fome  phlogifticated  air  •,  a  re  J 
calx  being  left  behind,  which,  in  all  probability,  retaiij  J 
moft  of  the  vital  air  of  the  acid. 
Precipitates  of  If  vegetable  alkali  be  added  to  the  nitrous  folutidg 
Kon  from  nitrous  of  ^  a  brown  precipitate  falls  down  ;  of  which! 

-fmall  quantity  is  rediflblved  by  the  alkali.    Mild  vji 
getable  alkali  feparates  a  yellowifh  calx,  which  foji 
becomes  of  a  beautiful  orange  red  colour.    If  Jj 
mixture  be  agitated  during  the  efFervefcence,  the. M 
cipitate  is  rediflblved  in  much  greater  quantity  thaftl 
the  pure  vegetable  alkali;  doubtlefs  by  the  medh|| 
Martial  alkaline  of  the  fixed  air.    This  folution  is  known  by  the  nr 
undines.        of  gtays  martial  alkaline  tinfture,  and  is  of  a 
red  colour,  which  however  is  impaired  by  ti 
Pure  volatile  alkali  feparates  a  deep  green  and 
moft  black  precipitate  from  the  nitrous  folution 
iron.    The  mild  volatile  alkali  rediffolves  the  ir 
which  it  feparates  from  the  acid ;  and  forms  an 
kaline  tindure  of  a  more  lively  colour  than  tha 
Stafel. 

Aftionofmarine  Diluted  marine  acid  rapidly  diffolvcs  iron,  at 
acid  on  iron.     fame  time  t^2t  a  iarge  quantity  of  inflammable 

is  difengaged,  and  the  mixture  becomes  hot.  In  tj 
as  well  as  in  the  vitriolic  folution  of  iron,  the  f 
quantity  of  alkali  is  faid  to  be  required  to  fri» 
the  acid  as  before  the  folution  ;  whence  it  is  infe: 
that  the  acid  is  not  decomposed,  but  that  the  calcj 
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ii  Is  effe&ed  by  the  vital  air  of  the  water  :  whence  iron. 
)  it  appears  to  follow,  that  the  inflammable  air  *  * 
.ft  be  afforded  from  the  decompofed  water,  and  not 
m  the  metal.  It  muft  however  be  remarked,  that 
3  fact,  as  well  as  moft  of  thofe  upon  which  the 
eclion  of  phlogifton,  or  the  inflammable  principle, 
grounded,  are  controverted  by  the  philofophers  who 
intain  the  exiftence  of  that  principle. 

rhe  marine  folution  of  iron  is  of  a  yellowifh  green  Marine  folution 

.        of  iron. 

our,  and  is  much  more  permanent  than  the  folu- 
ns  of  that  metal  in  the  vitriolic  or  nitrous  acids  ; 
aigh,  like  all  the  other  folutions  of  iron,  it  depofits 
metal  by  expofure  to  the  air.    By  evaporation  it 
xmes  the  confiflence  of  fyrup,  in  which  needle- 
med  and  deliquefcent  cryftals  appear.    Some  die- 
ts affirm,  that  the  acid  quits  the  iron  by  diftilla- 
.1,  though  much  more  difficultly  than  either  the 
•:ous  or  vitriolic  acid  j  but  this  interefling  expe- 
tent  has  not  been  made  fince  the  improvements  of 
miftry  have  led  philofophers  to  attend  to  fuch  pro- 
bes as  appear  in  the  permanently  elaflic  ftate. 
The  marine  folution  of  iron  is  decompofed  by  Precipitates, 
e  and  by  alkalis ;  but  the  precipitates  are  more 
ily  reduced  to  the  metallic  ftate  than  thofe  afforded 
other  acids.    Liver  of  fulphur,  hepatic  air,  and 
ringents,  decompofe  this,  as  well  as  the  other  fo- 
ions  of  iron ;  and  the  pure  Pruflian  alkali  throws 

n  a  very  fine  blue  precipitate. 
Fixed  air,  diffolved  in  water,  combines  with  a  con-  Aaion  of  fixed 
erable  quantity  of  iron,  in  proportion  to  its  rriafs. air  °a  iroa: 
negar  fcarcely  diflblves  it,  unlefs  by  the  afhftance  of  —and  vinegar, 
air. 
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iROH.         In  the  dry  way,  this  metal  does  not  combine  witl^ 
ASion ofearths,  eart^8>  u^lefs  it  be  previoufly  calcined  •>  in  which  caf<jj 
&c.  on  iron.      it  aflifts  their  fufion,  and  imparts  a  green  colour  tcL 
.  the  glafs.    It  appears  to  combine  with  alkalis  by  fui  3 
fion.    Nitre  detonates  ftrongly  with  it,  and  becomeji 
alkalized.    Sal  ammoniac  is  decompofed  by  it.  Twj 
parts  of  iron  filings,  triturated  with  one  part  of  fjj 
ammoniac,  and  expofed  to  diftillation,  afford  abotl 
one  part  of  liquid  volatile  alkali,  contaminated  by  I 
fmall  portion  of  iron.    Some  inflammable  air  comi  H 
over  in  this  diftillation,  either  from  the  iron,  or  froM 
the  water  contained  in  the  fal  ammoniac :  the  refidi 
confifts  of  iron,  united  to  marine  acid.    A  medic 
preparation  is  made  by  fubliming  fal  ammoniac 
a  fmall  portion  of  iron  filings ;  which  gives  part 
the  fait  a  yellow  colour.   The  calx  of  iron  decompc 
fal  ammoniac  by  feizing  its  acid,  even  in  the  cold. 
Combination  of     Sulphur  combines  very  readily  with  iron,  in  the  djfl 
phur^in  the"    and  even  in  the  humid  way,  though  neither  of  ddT 
fcumid  way.      Jubilances  is  fcarcely  at  all  foluble  in  water. 

mixture  of  iron  filings  and  flowers  of  fulphur  bei 
moiftened,  or  made  into  a  pafte,  with  water,  becoi 
hot,  fwells,  adheres  together,  breaks,  and  emits 
tery  vapours  of  an  hepatic  fmell.  If  the  mixture  J 
confiderable  in  quantity,  as  for  example,  one  hundl 
Spontan-us  in-  pounds,  it  takes  fire  in  twenty  or  thirty  hours,  J 
foon  as  the  aqueous  vapours  ceafe.  This  effect  tn 
be  explained  without  difficulty  in  a  general  w 
though  the  circumftances  require  to  be  more  minull 
examined : — Iron,  fulphur,  and  water,  are  placecj 
contact.  The  iron  is  very  fparingly  foluble  in  wateai 
*  Annalcs  de  Chimic,  vol.  i.  220. 
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d  the  fulphur  is  probably  foluble  in  a  fmall  degree,  iron. 

may  be  judged  by  its  becoming  foft  in  that  fluid.  page 

the  ancient  theory,  it  may  be  faid  that  the  fulphur  Theory  of  the 

*  «  1         inflammation  or 

mbines  wkh  the  calx  of  the  iron,  and  expels  its  konandfuiphur: 
lammable  air  or  phlogifton.    The  heat  muft  be  de- 

ced,  in  anf  theory,  from  the  change  of  capacity,  or 
Did  commotion,  produced  in  the  a£t  of  union.  This 
at  volatilizes  part  of  the  fulphur,  together  with  the 
lammable  air ;  and  if  the  temperature  be  fufficiently 
:vated,  thefe  fubftances  will  take  fire,  at  the  moment 

their  extrication,  by  the  affiftance  of  the  air  of  the 
nofphere.    In  the  new  theory,  the  explanation  will 

nearly  tbe  fame.  The  iron  and  the  fulphur,  being  —  the  anti- 
nfidered  as  Ample  fubftances,  tend  to  combine  with  thefts!*10 
:h  other,  through  the  medium  of  vital  air,  which 
tcines  the  iron,  and  is  fuppofed  to  be  afforded  by 
compofition  of  the  water.  The  fame  decompofition 
tricates  inflammable  air  from  the  water.  This,  to^ 
ther  with  the  fulphur,  forms  hepatic  air;  which, 
;  ing  off  at  the  temperature  of  ignition,  takes  fire 

combination  with  the  air  of  the  atmofphere.  In 
:is  theory  it  may  further  be  added,  that,  as  fulphur 
I  d  water,  in  conta£t,  at  an  elevated  temperature, 
brd  inflammable  air,  which  is  explained  by  the  fup- 
•fition  of  vital  air  combining  with  the  fulphur,  there 
ould  be  an  increafe  of  inflammation  from  this  caufe. 
>me  doubt  however  may  be  entertained,  whether 
lphur  be  more  combuftible  than  inflammable  air  at 
iy  temperature,  fince  hepatic  air  depofits  fulphur 
hen  detonated  with  vital  air;  which  muft,  in  all 
robability,  depend  on  the  latter  being  lefs  com-  ' 
lftible  at  the  temperature  of  inflammation.    On  the 

X  4  whole 
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iron.      whole  it  appears,  that  fads  and  obfervations  ard 
v       '  wanting,  rather  than  probable  theories  •,  and  that  it  i$j 
fcarcely  neceflary  to  purfue  this  inquiry  more  mi-l 
nutely  in  the  way  of  argumentative  difquifition.  The! 
fpontaneous  combuftion  of  iron  and  fulphur  with  vra- 
Page  140,     ter,  is  evidently  an  effect  of  the  fame  kind  as  thtj 
decompofition  of  pyrites. 
Union  of  ful-       Sulphur  combines  very  readily  with  iron  by  fufion^ 

phur  with  iron 

in  the  dry  way.  and  produces  a  compound  of  the  fame  nature  ai 
the  pyrites,  and  exhibiting  the  fame  radiated  ftrucfurfl 
when  broken.    If  a  bar  of  iron  be  heated  to  white! 
nefs,  and  then  touched  with  a  roll  of  fulphur,  thi 
two  fubftances  combine,  and  drop  down  together  ii 
the  fluid  (late.    It  is  neceflary  that  this  experiment 
fhould  be  made  in  a  place  where  there  is  a  current  01 
air  to  carry  off  the  fumes  ;  and  the  melted  mattei 
which  may  be  received  in  a  veflel  of  water,  is  of  tW 
fame  nature  as  that  produced  by  fufion  in  the  cod 
mon  way,  excepting  that  a  greater  quantity  of  ful 
phur  is  fufed  by  the  contact  of  the  bar  of  iron.  Thj 
experiment  of  combining  iron  and  fulphur  togetfo 
by  fufion,  has  not  been  made  with  an  attention 
the  volatile  products,  if  any  be  extricated.  As 
ther  of  thefe  fubftances  contains  water,  and  both 
fuppofed,  in  the  new  theory,  to  be  fimple  bodi 
the  experiment  might,  perhaps,  afford  an  intere 
refult. 

Phofphorus  and      If  equal  parts  of  phofphoric  glafs,  and  iron  cli 
pings,  together  with  one-fixteenth  of  a  part  of  pul 
rized  charcoal,  be  fufed  together,  the  mixture  is  vei 
brittle,  white  in  its  fracture,  and  of  a  ftriated  aj 
granulated  texture,    This  combination  of  iron  w 
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ofphoric  acid  is  found  in  the  iron  produced  from  iron. 
;r  ores,  which  abound  in  the  remains  of  decayed 
-etables.    It  is  the  caufe  of  brittlenefs  in  the  iron  Cold  (hort  iron, 
en  cold ;  which  occafions  that  kind  of  iron  to  be 
led  cold  fhort  iron  by  the  workmen.  Phofphorated 
n  was  at  firft  taken  to  be  a  peculiar  metal;  and  Siderite. 
s  called  fiderite  by  Bergman. 

tron  unites  with  gold,  filver,  and  platina.    When  Metallic  comfei- 

.  nations. 

kited  to  a  white  heat,  and  plunged  in  mercury,  it 
:omes  covered  with  a  coating  of  that  metal.  Long 
uration  of  mercurial  amalgams  likewife  caufes  a 
iting  to  adhere  to  the  ends  of  iron  peftles-,  and 
all  fteel  fprings,  kept  plunged  beneath  the  furface 
;  mercury  in  certain  barometers,  have  become  brittle 
procefs  of  time :  hence  there  appears  to  be  a 
i.ak  a£Hon  between  mercury  and  iron.    Iron  and 
very  readily  unite  together  j  as  is  feen  in  the  art 
tinning  iron  vefTels,  and  in  the  fabrication  of  thofe 
ful  plates  of  iron,  coated  with  tin,  which  are  gene- 
hly  diftinguifhed  by  the  fimple  name  of  tin  alone.  The  Tinning  of  iron 
L.ef  art  of  applying  thefe  coatings  of  tin  confifts  in  p  atcs* 
Lending  the  rnetals  from  calcination  by  the  accefs  of 
|  .  After  the  iron  plates  are  fc raped,  or  rendered  very 
;  an  by  fcouring  with  an  acid,  they  are  wetted  with  a 
I  ution  of  fal  ammoniac,  and  plunged  into  a  veflel 
I  staining  melted  tin  ;  the  furface  of  which  is  co- 
,  ed  with  pitch  or  tallow,  to  preferve  it  from  calci- 
.  "ion.    The  tin  adheres  to  and  intimately  combines 
I'th  the  iron  to  a  certain  depth,  which  renders  the 
I  .ned  plates  lefs  difpofed  to  harden  by  hammering, 
f  an  before,  as  well  as  much  lefs  difpofed  to  alter,  by 
|  i  united  a&ion  of  air  and  moifture.    The  procefs 

for 
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iron.      for  tinning  of  iron  veflels  does  not  eflfentially  differ! 
v      '  from  that  which  has  already  been  defcribed  of  copper 
veffels.    Iron  does  not  unite  with  bifmuth,  at  leaft  in 
Combinations  of  the  direct  way.    As  nickel  cannot  be  purified  from 
tallic  fubitances.  iron  without  the  greateft  difficulty,  it  may  be  prefumecfj 
that  thefe  fubftances  would  readily  unite,  if  the  exl' 
treme  infufibility  of  both  did  not  prefent  an  obftacli? 
to  the  chemical  operator.    Arfenic  forms  a  brittle  fubjf 
ftance  in  its  combination  with  iron.    This  femi-metal 
which  is  fo  abundant  in  the  mineral  kingdom,  is  mm 
to  be  the  caufe  of  the  brittlenefs  which  fome  fpef 
cimens  of  iron  poffefs  when  hot,  though  malleabl) 
when  cold.    Iron,  thus  contaminated,  is  diftinguifhef 
by  workmen  by  the  name  of  red  fhort  iron.  Cobakjj 
forms  a  hard  mixture  with  iron,  which  is  not  eafilfsj 
broken.     The  inflammability  and  volatility  of  zirj: 
prefent  an  obflacle  to  its  combination  with  iron,  H 
is  not  improbable,  however,  but  that  clean  iron  filinw 
would  unite  with  zinc,  if  that  metal  were  kept  j| 
contact  with  them  for  a  certain  time,  in  a  heat  run 
fufficient  to  caufe  it  to  rife ;  for  it  has  been  fouiW 
that  2inc  may  be  ufed  in  the  operation  of  coatnB 
iron  in  the  fame  manner  as  tin.    Antimony  uni:  i 
with  iron,  and  forms  a  hard  brittle  combinatioj 
which  yields,  in  a  flight  degree,  to  the  hammer.  51 
combination  of  fulphur,  and  the  regulus  of  antimon 
which  is  commonly  known  by  the  name  of  antimon 
is  decompofed  by  virtue  of  the  greater  affinity  of  t| 
iron  to  the  fulphur.    For  this  purpofe,  five  ounces 
the  points  of  nails  from  the  farriers  may  be  made  ij 
hot  in  a  crucible  ;  one  pound  of  pulverized  ore  of  ail 
mony  rauft  then  be  thrown  into  the  crucible,  all 
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heat  quickly  raifed  to  fufe  the  whole.    When  the  iron. 
on  is  perfect,  an  ounce  of  nitre  in  powder  may  be  '       v  * 
nvn  in,  to  facilitate  the  feparation  of  the  fcorise. 
er  the  mafs  is  cooled,  the  antimony  is  found  fepa-  Combinations  of 

'  J  #  iron  with  me- 

at the  bottom  of  the  crucible,  while  the  iron  re-  tallic  fubftances, 

ins  in  combination  with  the  fulphur  and  alkali.  If 

proportion  of  the  iron  be  confiderably  greater 

in  five  ounces  to  the  pound  of  antimonial  mineral, 

regulus  will  be  alloyed  with  iron.    Manganefe  is 

10ft  always  united  with  iron  in  the  native  ftate. 

olfram  forms  a  brittle  whitifh-brown  hard  alloy,  of 

ompa£l  texture,  when  fufed  with  white  crude  iron. 

The  habitudes  of  iron  with  the  regulus  of  molyb- 

la  are  not  known. 

iron  is  the  moft  diffufed,  and  moll  abundant,  of  Native  iron  and 

its  oics, 

tallic  fubftances.  Few  mineral  bodies,  or  ftones, 
without  an  admixture  of  this  metal.  Sands,  clays, 
1  the  waters  of  rivers,  fprings,  rain,  or  fnow,  are 
rcely  ever  perfectly  free  from  it.  The  parts  of 
i.mal  and  vegetable  fubftances  likewife  afford  iron  in 
:  refidues  they  leave  after  incineration.  It  has  been 
ind  native,  in  large  mafTes,  in  Siberia  *,  and  in  the 
ernal  parts  of  South  America.  This  metal  how- 
ix  in  its  native  ftate  is  fcarce :  moft  iron  is  found 
the  calciform  ftate,  in  ochres,  bog  ores,  and  other 
able  earthy  fubftances,  of  a  red,  brown,  yellow,  or 
uck  colour.  The  hsematites,  or  blood  ftones,  are 
ewife  calciform  ores  of  iron :  thefe  are  either  of 
red  colour,  or  blue,  yellow,  or  brown.    This  ufeful 

*  Sec  Bergman's  Effays ;   Magellan's  improved  edition  of 
onfledt's  Mineralogy  j  and  the  Philof.  Tranf.  ixxviii.  37. 

metal 
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IRON. 


Ores  of  iron. 


Humid  analyfis 
of  iron  ores. 


Page  30: 


metal  is  fo  abundant,  that  whole  mountains  arc  com 
pofed  of  iron  ftone  ;  whereas,  other  metals  ufually 
run  in  fmall  veins.    Befides  the  calciform  ores  off 
iron,  which  are  either  nearly  pure,  or  elfe  mixe 
with  earths,  as  in  fpars,  jafper,  boles,  bafaltes,  &c 
iron  is  mineralized  with  fulphur,  as  in  the  pyrites 
with  arfenic,  in  the  white  pyrites  ;  or  with  both, 
iron  ore  is  likewife  found,  of  a  blue  colour, 
powdery  appearance,  which  is  thought  to  be  of  th 
fame  nature  as  Pruffian  blue.    The  coaly  iron  or 
contain  bitumen.    The  magnet,  or  loadftone,  is  a 
iron  ore,  whofe  conftitution  has  not  yet  been  ac 
rately  examined.    Iron  is  alfo  found  in  combinatio 
with  the  vitriolic  acid,  either  diflblved  in  water,  or 
the  form  of  vitriol. 

To  analyfe  the  ores  of  iron  in  the  humid  way,  th 
muft  be  reduced  to  a  very  fubtle  powder,  and  re 
edly  boiled  in  marine  acid.  If  the  fulphureous 
mould  prove  flow  of  folution,  a  fmall  quantity 
nitrous  acid  muft  be  added  to  accelerate  the  operation 
The  iron  being  thus  extracted,  the  infoluble  part  || 
the  matrix  only  will  remain.  Pruflian  alkali,  bei 
added  to  the  decanted  folution,  will  precipitate 
iron  in  the  form  of  Pruflian  blue.  This  precipita 
when  waflied  and  dried,  will  be  equal  in  weight 
fix  times  the  quantity  of  metallic  iron  it  contafyl 
and  from  this  iron  four  parts  in  the  hundred  mult 
deducted,  to  allow  for  the  iron  which  is  contain! 
in  the  Pruflian  alkali  itfelf.  But  as  this  alkali,  aj 
every  other  preparation  containing  the  Pruflian  acj 
does  not  conltantly  afford  the  fame  quantity  of  ircj 
the  mod  exact  way,  in  the  ufe  of  fuch  preparation 

conn 
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tfifts  in  previoufly  diflblving  a  known  quantity  of  iron. 
a  in  vitriolic  acid ;  and  precipitating  the  whole  by  ^  oti^Z* 

addition  of  the  Pruflian  alkali.  This  refult  will 
>rd  a  rule  for  the  ufe  of  the  fame  alkali  in  other 
itions.  For  as  the  weight  of  the  precipitate  ob- 
ned  in  the  trial  experiment,  is  to  the  quantity  of 
n  which  was  diflblved  and  precipitated ;  fo  is  the 
itrht  of  the  precipitate  obtained  from  any  other 
ation,  to  the  quantity  of  iron  fought, 
if  the  iron  be  united  to  any  confiderable  proportion 
zinc  or  manganefe,  the  Pruflian  blue  mult  be  cal- 
led to  rednefs,  and  treated  with  pale  nitrous  acid, 
dch  will  take  up  the  calx  of  zinc.  The  manganefe 
iy  then  be  diflblved  by  nitrous  acid,  with  the  addi- 
n  of  fugar  ;  and  the  remaining  iron  being  diflblved 

marine  acid,  and  precipitated  by  mild  mineral 
ali,  will  afford  225  grains  of  precipitate  for  every 
D  grains  of  metallic  iron. 

To  examine  the.  ores  of  iron  in  the  dry  way,  the -Analyfis  in  the 
iy  requifite  is  fufion,  in  contact  with  charcoal. Qry  waj" 
r  this  purpofe,  eight  parts  of  pulverized  glafs,  one 
calcined  borax,  and  half  a  part  of  charcoal,  are  to 
well  mixed  together.    Two  or  three  parts  of  this 
x,  being  mixed  with  one  of  the  pounded  ore,  and 
iced  in  a  crucible,  lined  with  a  mixture  of  a  little 
iy  and  pounded  charcoal,  with  a  cover  luted  on,  is 
be  urged  with  the  ftrong  heat  of  a  fmith's  forge  for 
If  an  hour.    The  weight  of  the  ore,  in  this  experi- 
ent,  fliould  not  exceed  60  grains.    Other  procefles 
r  determining  the  contents,  or  metallic  product,  of 
Ml  ores,  are  inftituted  by  performing  the  fame  ope- 
7  rations 
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iron.      rations  in  the  fmall,  as  are  intended  to  be  ufed  in  thd 
v      J  large  way. 

In  the  large  iron  works,  it  is  ufual  to  roaft,  or  cal- 
cine the  ores  of  iron,  previous  to  their  fufion;  ast 
well  for  the  purpofe  of  expelling  fulphureous  or  arfe- 
nical  parts,  as  to  render  them  more  eafily  broken 
Smelting  of  iron  into  fragments  of  a  convenient  fize  for  melting.  The» 
in  c  large  way.  mjneraj  js  mejted,  or  run  down,  in  large  furnaces 
from  16  to  30  feet  high;  and  varioufly  fhaped,  eithei 
conical  or  elliptical,  according  to  the  opinion  of  th< 
iron  mailer.    Near  the  bottom  of  the  furnace  is  an 
aperture  for  the  infertion  of  the  pipe  of  large  bellows* . 
worked  by  water  or  fteam,  or  of  other  machines  foi  ( 
producing  a  current  of  air;  and  there  are  alfo  holes a: 
proper  parts  of  the  edifice,  to  be  occafionally  opened^; 
to  permit  the  fcoriae  and  the  metal  to  flow  out,  as 
procefs  may  require.  Charcoal,  or  coke,  with  lighi 
brufhwood,  is  firft  thrown  in  ;  and  when  the  wl 
infide  of  the  furnace  has  acquired  a  ftrong  igniti 
the  ore  is  thrown  in  by  fmall  quantities  at  a 
with  more  of  the  fuel,  and  commonly  a  portion  < 
limeftone,  as  a  flux :  the  ore  gradually  fubfides 
the  hottefl  part  of  the  furnace,  where  it  becorrH' 
fufed;  the  earthy  part  being  converted  into  a  kirj> 
of  glafs  ;  while  the  metallic  part  is  reduced  by  tD- 
coal,  and  falls  through  the  vitreous  matter  to  tH  I 
loweft  place.    The  quantity  of  fuel,  the  additions,  ad 
the  heat,  mult  be  regulated,  in  order  to  obtain  iron  1 
any  defired  quality  ;  and  this  quality  mull  HkewiD 
in  the  firft  product,  be  necefiarily  different,  accordin 
to  the  nature  of  the  parts  which  compofe  the  ore 

TT 
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The  iron  which  is  obtained  from  «e  {melting  fur-  iron. 
ces  is  not  pure ;  and  may  be  iiftinguifhed  into  states  0f  iron  ' 
.ee  ftates: — white  crude  iron,  which  is  brilliant  The  three  kinds 
its  fradure,  and  exhibits  acryftallized  texture,  of  crude  iron* 
ore  brittle  than  the  other  kins,  not  at  all  mallea- 
and  fo  hard  as  perfe&h  to  withftand  the  file : 
ey  crude  iron,  which  exiles  a  granulated  and  dull 
xture  when  broken;  thi  fubftance  is  not  fo  hard 
id  brittle  as  the  former,  nd  is  ufed  in  the  fabrica- 
on  of  artillery,  and  otK  articles  which  require  to 
i  bored,  turned,  or  paired  :  and  black  caft  iron, 
hich  is  {till  rougher  '  its  fradure    its  parts  adhere 
igether  lefs  perfe&l  than  thofe  of  the  grey  crude 
on :  this  is  ufually  ^ed  again  with  the  white  crude 
on. 

Whenever  crud£rori>  efpecially  the  grey  fort,  is  Refining  of  ir<KN 
ifed  again  with  citacl:  of  air,  it  emits  fparkles,  lofes 
•.  eight,  and  becies  ^s  brittle.    In  order  to  convert 
into  malleableon>  it  is  placed  on  a  hearth,  in  the 
lidft  of  chared  urged  by  the  wind  of  two  pair  of 
:  ellows.  As  ifi  as  it  becomes  fufed,  a  workman  con- 
i  nually  ftirs  jwith  a  long  iron  inftrument.  During 
de  courfe  o/everal  hours  it  becomes  gradually  lefs 
ufible,  and  umes  the  confiftence  of  parte.    In  this 
:ate  it  is  cried  to  a  large  hammer,  the  repeated 
i'lows  of  xich  drive  out  all  the  parts  that  ftill 
lartake  ofie  nature  of  crude  iron  fo  much  as  to 
etain  the  'id  ftate.    By  repeated  heating  and  ham- 
mering m2  of  the  fufible  iron  is  forced  -out ;  ami 
:he  remaier,  being  malleable,  is  formed  into  a  bar, 
3r  other  fm,  for  fale.    Crude  iron  lofes  upwards  of 
?ne-fourtbf  its  weight  in  the  procefs  of  refining. 

Purified, 
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iron.         Purified,  or  b.r  iron,  is  foft,  du&ile,  flexible,  maU 
Bar'iroT""'  *eable>  am*  Pou"ens  all  the  qualities  which  have  been 
enumerated  in  this  -hapter,  as  belonging  exclufively 
to  iron.    When  a  bf  of  iron  is  broken,  its  texture 
appears  fibrous  j  a  piperty  which  depends  upon  the 
mechanical  action  of  t*  hammer,  while  the  metal  is 
cold.    Ignition  deftroystis  fibrous  texture,  and  ren- 
ders the  iron  more  umfo^  throughout;  but  ham- 
mering reftores  it. 
Iron  converted      If  the  pureft  malleable  ii\  be  bedded  in  pounded 
^S?„'byCC"  charcoal,  in  a  covered  crucibl  and  kept  for  a  certain 

mentation.  * 

number  of  hours  in  a  ftrongreci  heat  (which  time 
mull  be  longer  or  fhorter,  acting  to  the  greater 
or  lefs  thicknefs  of  the  bars  of  on)?  'lt  js  foun(i  ^ 
by  this  operation,  which  is  called  -mentation,  the  iron 
has  gained  a  fmall  addition  of  Wght}  amounting  to 
about  the  hundred  and  fiftieth,  orye  two  hundredth 
part ;  and  is  remarkably  changed  ins  properties.  It 
is  much  more  brittle  and  fufible  thar,efore.  its  furJ 
face  is  commonly  bliftered  when  it  Cnes  0ut  of  tha 
crucible  •,  and  it  requires  to  be  forg^  to  bring  its 
parts  together  into  a  firm  and  continuo  ftate.  This! 
cemented  iron  is  called  fteel.  It  may  i  welded  lik 
bar  iron ;  but  its  molt  ufeful  and  adv^ageous  pr 
perty  is  that  of  becoming  extremely  hi  when  ig 

Hardening.      nited,  and  plunged  in  cold  water.    The  rdnefs  p 
duced  is  greater  in  proportion  as  the  (\\  is  hotter 
and  the  water  colder.    The  colours  wch  appeal 
on  the  furface  of  fteel  flowly  heated,  a.  yellowifli 
white,  yellow,  gold  colour,  purple,  violetJeep  bluel 
yellowifh  white  ;  after  which  the  ignition  kes  place) 

Tempering.     Thefe  figns  diredt  the  artift  in  tempering  (reducing 

th 
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hardnefs  of  fteel  to  any  determinate  ftandard.    If  iron. 
J  be  too  hard,  it  will  not  be  proper  for  tools  which  V  9 
intended  to  have  a  fine  edge,  becaufe  it  will  be 
kittle  that  the  edge  will  foon  become  notched  5  if 
je  too  foft,  it  is  evident  that  the  edge  will  bend  or 

Some  artifts  ignite  their  tools,  and  plunge  The  proceffes  for 
11  in  cold  water;  after  which,  they  brighten  tte££££j  0?* 
ace  of  the  fteel  upon  a  {lone  :  the  tool  being  then  fteel- 
upon  charcoal,  or  upon  the  furface  of  melted  lead, 
>laced  in  the  flame  of  a  candle^  gradually  acquires 
defired  colour ;  at  which  inftant  they  plunge  it 
water.    Others,  efpecially  in  larger  inftruments, 
ige  the  tool  into  very  cold  water  as  foon  as  it  is 
pletely  ignited  ;  and,  when  it  ceafes  to  be  lumi- 
;  beneath  the  water,  they  take  it  out,  rub  it 
kly  with  a  file,  or  on  a  plate  covered  with  fand, 
i  it  may  acquire  a  white  furface.    The  heat  which 
metal  ftill  pofTefles  foon  begins  to  produce  the 
lhon  of  colours.    If  a  hard  temper  be  defired,  the 
5  is  dipped  again,  and  ftirred  about  in  the  cold 
r  as  foon  as  the  yellow  tinge  appears.    If  the 
le  appear  before  the  dipping,  the  temper  will  be 
or  gravers,  and  tools  ufcd  in  working  upon  mfe- 
if  dipped  while  blue,  it  will  be  proper  for 
gs,  and  for  inftruments  ufed  in  the  cutting  of 
fubftances,  fuch  as  cork,  leather,  and  the  like  j 
f  the  laft  pale  colour  be  waited  for,  the  hardnefs 
ie  ftcel  will  fcarcely  exceed  that  of  iron.    It  is 
rcumftance  worthy  of  remark,  that  ftcel  has  a 
fpecific  gravity  when  hardened  than  when  foft  5 
here  are  no  circumftances,  upon  which  a  proba- 
annection  between  thcfe  two  properties,  namely 

Y  the 
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iron .      the  increafed  hardnefs,  and  the  diminilhed  fpecifid 

*  *  ■  gravity,  can  be  made  out. 

;  The  ufual  time  required  for  the  cementation  oj 
fteel,  is  from  fix  to  ten  hours.    If  the  cementation  W 
continued  too  long,  the  fteel  becomes  porous,  brktld 
of  a  darker  fraaure,  more  fufible,  and  incapable  d 
being  forged  or  welded.    On  the  contrary,  fteel  cd 
mented  with  earthy  infufible  powders,  is  gradualj 
reduced  to  the  ftate  of  forged  iron  again.  Sirapl 
ignition  produces  the  fame  effeft  •,  but  is  attend^ 
•  Caft  fted.     with  calcination  of  tire  furface.  The  texture  of  ftcdl 
rendered  more  uniform  by  fufing  it  before  it  is  maj 
into  bars  :  this  is  called  caft  fteel ;  and  is  rather  moj 
difficultly  wrought  than  common  fteel,  becaufe  it 
more  fufible,  and  is  difperfed  under  the  hamm| 
heated  to  a  white  heat.  f 
Comparifon  of    i  When- we  confider  the  operations  by  which  c 
fteel  and  crude  .rQn  jg  broUght  into  the  malleable  ftate,  then 
verted  into  fteel,  and  afterwards  into  a  fufible 
-      fal>  which  is  not  malleable;  we  may  perceived 
fteel-making  is  a  kind  of  inverfion  of  the  procefiM 
terming  iron,  as  praaifed  in  the  firft  inftance.  WjJ 
the  calx  of  iron  is  mixed  together  in  the  fmelt) 
furnace,  with  combuftible  matter  and  glafs,  it  i 
either  be  completely-  or  partially '  revived,  acconfj 
to  the  management  of  the  procefs.    Much  of  thej 
•      will  however  be  fo  enveloped  with  the  vitreous  rj 
ter.  as  to  remain  unbumed  :  and  the  reduced  »J 
with  which  it  may  be  in  contact,  will  be  in  the  fj 
fifeuation  as  forged  iron  in  the  cementing  pot ;  tfc 
to  fay,  it  will  be  in  contact  with  coal  at  a  very 
vated  temperature*  and  defended  from  the  air.  Ij 
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he  great  infufibility  of  iron,  it  may  reafonably  be  iron. 
Diicluded  that  the  reduced  metal  does  not  flow  into  *  * 
he  bottom  of  the  furnace,  until  the  charcoal  has  con- 
erted  it  into  a  fufible  matter  fimilar  to  fteel,  by  the 
ime  action  which  takes  place  in  cementation,  whate- 
ver that  action  may  be.    Hence  it  muft  follow,  that 
ae  various  fpecimens  of  crude  or  call  iron  will  differ 
1 1  their  qualities,  as  well  on  account  of  the  degree  of 
^mentation  they  have  undergone,  as  the  degree  of 
Eduction  which  has  taken  place  among  the  metallic 
i  arts,  which  are  carried  down,  and  form  the  whole 
hafs.    Since  the  coal,  in  the  procefs  of  cementation,     Page  318. 
)mmunicates  or  adds  weight  to  the  iron  •,  and  fince 
k-ude  iron,  as  well  as  fteel,  exhibits  fparkles,  and  is 
r  ore  eafily  burned  than  other  iron  :  it  may  therefore  Confideration  of 
I :  concluded  that,  in  the  procefs  of  refining,  that  part  heat  in  refining 

'  the  inflammable  fubftancc  which  had  united  withiron' 
Ite  metal  is  burned,  and  leaves  the  iron  much  lefs 
I  fible  than  before.  Stirring  the  mafs  multiplies  the 
jr  nta£ts  of  the  air  with  the  burned  fubftances  ;  thefe 
Ir.rfaces  of  contact  will  therefore  fucceflively  afford 
lira  coats  of  infufible  metal.  In  this  manner  it  is  . 
h  und,  that  if  a  large  piece  of  crude  iron  be  expofed 
heat  in  a  wind  furnace,  the  external  part  will  be 
I  prived  of  its  fufibility  during  the  time  required  to 
i  oducc  a  ftrong  heat  in  the  whole  mafs;  and  the  in- 
p  rnal  part  will  be  melted,  and  run  out,  leaving  the 
ell  behind.  Iron  which  is  of  the  confidence  of  pafte 
ay  therefore  be  confidered,  like  any  other  pafte,  as  a 
ixture  of  a  fluid  with  a  folid.  It  will  be  eafily  un- 
ftood  that  the  forging  will  bring  the  parts  of  diffi- 
It  fufion  together,  and  extrude  the  lefs  refined  and 
h  •    Y  2  fluid 
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fluid  parts :  it  will  alfo  be  evident  that  this  operation 
is  not  likely  to  drive  out  the  whole  of  the  fufible  mat- 
ter.   When  the  iron  has  arrived  at  that  Mate  wherein 
the  quantity  of  fibre  or  tough  iron  is  fufficient  to 
anfwer  the  mechanical  purpofes  to,  which  it  is  intended 
to  be  applied,  the  artift  will  confidcr  it  as  fuf5ciently| 
Probable  caufe  refined  j  and  the  refidue  of  fufible  iron  contained  in 
•f  weiiuig?e,ty  'the  bar  anfwers,  in  all  probability,  the  valuable  pud 
pofe  of  connecting  thefe  infufible  mafles  together. 
Thu*  we  find  that  forged  iron  appears  as  if  covered] 
with  a  varnifh,  when  urged  to  a  white  heat  •,  we  findj 
that  this  varnifh  i»  more  abundant  in  fteel ;  and  tha^ 
iron  and  fteel  may  be  reflectively  welded  togethe 
application  in  tins  ftate ;  an  effect  which  it  would 
very  difficult  to  account  for,  in  this  molt  infufible 
metals,  if  it  were  not  for  fuch  an  admixture.  I 
caft  fteel,  fteel  over-cemented,  and  crude  iron,  appi 
to  be  in  the  ftate  of  all  other  metals,  platina  except 
They  cannot  be  welded,  becaufe  welding  implies  a  p 
tial  fufion ;  or  an  effect  fimilar  to  the  gluing  or  ui 
ing  of  folids  by  the  application  of  a  fluid,  which  aft 
Platina.      wards  becomes  confident.    And  if  it  be  true  that  j 
tina  poflefies  this  valuable  property,  it  feems  reaf 
able  to  infer  that  it  muft  alfo  confift  of  two  meta 
fubftances  of  different  degrees  of  fufibility. 
Crude  iron  and     Crude  iron,  and  fteel  of  an  uniform  texture,  con 
therefore  of  a  fufible  combination  of  iron  with 
combuftible  fubftance  of  the  coal,  or  fomething  wh 
is  imparted  from  it;  the  crude  iron  differing  ffdj 
the  fteel  (imply  in  being  over-cemented,  and  1 
pure,  on  account  of  the  admixture  of  metallic  ca 

which  can  fcarcely,  perhaps,  be  avoided  in  the  larl 

procej 
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rocefs.    It  appears  therefore  that  crude  iron  muft  iron. 

!afs  through  the  ftate  of  fteel  before  it  can  become  V  v  ' 

irged  iron;  and  confequently  that  the  fabrication 

f  fteel  from  this  laft  is  a  circuitous  procefs,  which 

m  only  be  repaid  by  the  abfence  of  thofe  unreduced 

u-is  which  may  exift  in  the  crude  iron.    At  fome  Proceffes  for  «- 

•rges,  however,  where  the  ore,  the  flux,  the  fuel,  and  fin,insc™dei;on> 

,  ,      v-  and  making  tteel- 

e  management,  are  adapted  to  each  other,  the  pro-  in  a  dirc<a  w*y- 
ice  affords  fteel,  when  duly  refined.    At  other  ma- 
ifadories,  the  crude  iron  is  either  refined,  or  con- 
:rted  into  fteel,  by  running  it  into  thin  plates,  which 
e  ftrartified  with  charcoal,  and  burned  in  a  clofe  fur- 
ice.    In  this  way,  the  metal  is  refined  by  degrees, 
ithout  undergoing  fufion  ;  and  if  the  heat  be  raifed 
that  of  cementation,  the  iron  will  not  only  be 
duced,  but  converted  into  fteel.    In  the  forges  of 
u-inthia  the  grey  crude  iron  is  alfo  converted  either 
to  foft  iron,  or  fteel,  according  to  the  management 
a  fomewhat  fimilar  procefs.    The  iron  is  fufed  in 
arge  melting  pot ;  and  a  fmall  quantity  of  water  he- 
ir thrown  upon  the  furface  of  the  metal,  caufes  a  thin 
ite  to  congeal,  which  is  taken  off;  and,  by  continuing 
e  operation,  the  greateft  part  of  the  fufed  iron  bet 
mes  converted  into  plates.    To  produce  fteel,  thefe 
*tes  are  again  fufed,  and  kept  a  long  time  in  an 
ivated  heat;  at  the  fame  time  that  the  metal  is 
fended  from  the  contact  of  the  air  by  a  fufficient 
entity  of  the  vitreous  flag.    To  produce  foft  iron, 
e  plates  are  expofed  to  a  continued  roafting,  while 
e  air  is  conftantly  renewed  by  means  of  two  pair  of 
J'ows.    The  extenfive  furface  of  the  plates  renders 

Y  3  it 
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iron.       it  unneceflary  to  ufe  that  agitation,  or  ftirring,  which 
*       v       '  is  required  when  fufed  crude  iron  is  refined.    In  thefe 
procefles  it  is  evident  that  the  fame  matter  in  the  crude 
iron,  which  it  obtained  in  the  fmelting  furnace,  is 
employed,  and  fupplies  the  place  of  the  charcoal  of 
cementation  in  forming  the  fteel ;  and,  on  the  other 
hand,  that  this  fubftance,  which  prevented  the  crude 
iron  from  being  foft,  tough,  and  infufible,  is  burned 
away,  together  with  a  portion  of  the  iron  itfelf,  while 
the  remainder  is  left  in  a  much  purer  ftate. 
The  exigence       Thefe  are  the  fa£ts  obferved  at  the  furnaces.  But 
crudeTo^and  tne  obfervations  and  inquiries  of  the  chemift  muft 
fteel ;  afcertam-  ^  carrieci  farther,  in  order  to  determine  what  it  is 

cd  in  tht  dry  ' 

Wdy-  that  iron  gains  or  lofes  at  the  time  of  its  converfion 

into  its  various  ftates.    It  is  found  that  crude  iron 
approaches  towards  the  foft  ftate,  not  only  by  heatiH|j 
with  expofure  to  air,  which  burns  the  combuftible  ad- 
dition, but  likewife  by  fufion,  without  the  free  accefi 
of  air.  In  this  cafe,  when  the  fufion  has  been  complete 
and  the  cooling  gradual,  it  is  found  that  a  black  ful> 
fiance  is  thrown  up  to  its  furface,  which  is  more  abun 
dant  the  ,  greyer  or  blacker  the  iron  j  and  the  famJI 
black  fubftance  is  obferved  to  coat  the  ladles  of  forgeJB 
iron,  which  are  ufed  to  take  out  the  metal,  and  pour  i|| 
into  moulds  for  cafting  fhot,  and  other  articles, 
appears  therefore  that  the  heated  iron,  like  oth 
heated  fluids,  is  capable  of  holding  a  larger  quantitl 
of  matter  in  folution  than  when  cold ;  and  that 
portion  of  this  black  fubftance  feparates  during  tn 
cooling,  whether  by  the  gradual  efFecl:  of  furroundinj 
bodies  or  by  the  contact  of  the  ladle,  in  the  fair 
i  mai 
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Tanner  as  various  falts  are  feparatedvin  part,  frOffi  iron. 
ater  by  a  diminution  of  temperature.    From  che- V       v  ' 
lical  analyfis,  as  well  as  from  its  obvious  characters* 
lis  black  fubftance  is  found  to  be  plumbago,  or  the 
laterial  ufed  to  make  pencils,  and  commonly  known 
y  the  name  of  black  lead. 

The  prefence  of  this  black  matter  is  likewife  exhi-  Plumbago  extri 

cated  f,  om  iron 

ted  by  diffolving  fteel,  or  crude  iron,  in  acids,  in  in  the  humid 
hich  plumbago  is  infoluble,  and  therefore  remains  way* 
:hind  in  the  form  of  a  powder.  Hence  likewife  is 
educed  the  caufe  of  the  black  fpot  which  remains 
pon  fteel,  or  crude  iron,  after  its  furface  has  been 
Drroded  by  acids  ;  for  this  fpot  confifts  of  the  plum- 
•lgo  which  remains  after  the  iron  has  difappeared  by 
ilution.  -  . . 

Solution  in  the  vitriolic  or  marine  acids,  not  only  Quantities  df 
chibits  the  plumbago  contained  in  iron,  but  likewife  ^fl^mmable"^? 
offefies  the  advantage  of  mewing  the  ftate  .of  its  ^^J*  $ri 
:du£tion  by  the  quantity  of  inflammable  air  which  is  iron« 
;fengagcd :  for  whether  this  aerial  fluid  be  fupplied 
y  the  phlogirton  of  the  irQiSf  or  from  the  decom- 
jfed  water,  it  is  agreed  on  all  haitds  that  its  qiian- 
ty,  in  like  circiimftances,  is  proportional  to  that  of 
le  iron  which  is  converted  into  calx.-"  "  There  are  con- 
rlerable  differences  between  the  "  various  products  of 
le  fmelting  furnace  in  thefe  reipects  ;  but  it  is  found 
lat  the  white  crude  iron  affords  the  leaft  quantity  of 
iflammable  air  in  proportion  to  its  bulk,  and  leaves  ;- 
moderate  portion  of  plumbago  j  the  grey  crude 
'"on  affords  more  inflammable  air,  and  more  plum- 
ago,  than  the  white  j  and  the  fofteft  bar  iron  affords 
loft  inflammable  air  of  any,  and  little  or  no  plumr 
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Plumb  ago. 


bago.  The  quantities  of  inflammable  air  *,  at  a  me, 
dium,  by  ounce  meafures,  were  62,  afforded  by  joq 
grains  of  the  white  crude  iron  j  71  by  the  grey  crude 
iron  ;  and  7  7  by  the  malleable  iron. 

Hence  it  may  be  inferred  that,  in  the  white  crude 
iron,  the  procefles  of  reduction  and  cementation  are  I 
both  carried  to  a  lefs  extent  than  in  the  grey  crude  I 
iron,  which  is  produced  by  means  of  a  ftronger  heaL  1 
excited  with  a  larger  quantity  of  fuel :  and  that  tlie.  I 
reduction  of  grey  crude  iron  is  ftill  lefs  perfect  than  I 
that  of  the  foft  bar  iron-,  though  this  laft,  by  the! 
refining  in  an  open  veflel,  is  fo  far  from  being  moiifl 
cemented,  that  it  fcarcely  contains  any  plumbagol 
at  all. 

It  muft  be  admitted,  however,  that  the  folution  ink 
acids  ferves  only  to  fupport  thefe  general  conclufions, 
in  conjunction  with  the  facts  obferyed  in  the  dry  pro^ 
cefles ;  but  cannot  accurately  fhew  either  the  quan- 
tities of  inflammable  air  or  plumbago  afforded  by  fhei 
feveral  kinds  of  iron.    JFor  the  plumbago,  as  it  be-t 
comes  difengaged,  floats  on  the  top  of  the  vitrioliqt 
acid  5  where  it  gradually  difappears,  though  infoluljfc 
in  that  acid.    It  muft  therefore  be  taken  up  by  th«i 
jnflammabje  air  i  and  it  is  found  that  the  volume  or 
this  air  is  diminifhed  by  the  abforption.    Hence  thenjt 
is  a  double  fource  of  inaccuracy  from  the  lofs  of  plurrm 
bago,  and  the  contraction  of  the  inflammable  air. 

As  plumbago  appears  to  be  a  compound  of  iw* 
and  combuftihle  matter,  and  as  the  properties  aiw 

!*  Acad.  Par.  1786,  pages  166,  167.  The  numbers  in  the  tewl 
are  given  as  a  rough  meafure;  for,  in  facl,  there  can  be  n| 
medium. 

effecli 


PLUMBAGO,  OR  BLACK  LEAD,  ^2(J 

(Feels  of  iron,  in  its  various  ftates,  cannot  be  well  iron. 

nderftood  without  a  reference  to  thofe  of  this  ful>-  ^——x  ' 

ance,  it  will  be  expedient  to  give  an  account  of  it  in 
lis  place,  inftead  of  referring  it  to  the  next  fe&ion. 
Plumbago,  or  black  lead,  is  a  well-known  fob-  Chancer,  of 
ance,  of  a  black  colour,  and  mining  appearance, plumbag0' 
hen  cut.    Its  texture  is  rather  fcaly ;  but  its  frac- 
re  exhibits  a  granular  and  dull  appearance.  None 
the  fpecimens  have  any  confiderable  hardnefs.  This 
ineral  is  found   in  England,   Germany,  France, 
>ain,  and  Africa;  but  the  fort  beft  adapted  for 
aking  pencils  comes  chiefly  from  Borrowdale  til 
imberland.    For  this  purpofe,  it  is  carefully  fawed 
:o  narrow  flips,  or  pieces,  not  more  than  one-tenth 
an  inch  thick ;  which  are  glued  between  two  half 
folders  of  cedar  wood.    An  inferior  kind  of  pencils 
made  by  the  Jews,  by  mixing  the  powder  or  faw- 
ft  with  gum  arabic,  or  fufing  it  with  refm  or 
phur ;  and  preffing  or  pouring  it  into  the  cavities 
reeds.    The  powder  of  plumbago,  with  three  times 
weight  of  clay,  and  fome  hair,  makes  an  excellent 
ting  for  retorts ;  and  the  black  lead  or  Heffian 
■cibles  are  compofed  of  the  fame  materials. 
Plumbago  is  not  fubjeft  to  alteration  by  expofure  to  Habitudes, 
adion  of  air  or  water;  and  it  is  infoluble  in  acids, 
clofed  veffcls  it  is  either  entirely,  or  nearly,  unal- 
>We  by  the  ftrong  heat  of  a  furnace  5  but  by  con- 
J!Cd  and  occaiional  ftirring  in  a  (hallow 

,el>  under  a  muffle)  it  U  gradually  diffipated,  or 
»ed,  leaving  a  refid„e  of  calx  of  iron,  of  about 
-  enth  of  the  original  weight.    It  detonates  with 
e  in  a  red  heat;  ten  parts  of  this  fait  are  re- 
quired 
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iron.      quired  to  one  of  plumbago  before  the  whole  will  be 
v         decomposed,  and  exhibit  no  refidue  of  plumbago 
Experiments     when  the  alkali  is  diflblved  in  water.    The  aerial 
vT/the  ^ompo-."  product  of  this  Hetonation  is  found  to  confift  0f  a 
nent  parts  of    mixture  of  one-third  fixed  air  ;  and  the  reft  air  which 

plumbago. 

maintains  combuftion :  the  alkali  contains  fixed  air ; 
and  fome  of  the  nitre  is  driven  up  by  the  heat.  In 
order  to  fhew  that  the  fixed  air  came  from  the  plum- 
bago, and  not  from  the  nitre,  the  firft  analyfer  * 
this  fubftance  detonated  tin,  antimony,  and  fulphur, 
refpe&ively,  with  nitre,  and  obtained  no  fixed 
and,  ftill  more  to  place  the  inference  beyond  a  doubt, 
he  expofed  plumbago  to  diftillation,  with  twice  it 
weight  of  dry  acid  of  arfenic  :  the  acid  was  reduc 
to  the  ftate  of  white  calx  and  fublimed ;  and  pi 
fixed  air  came  over.  Similar  refults  were  had 
the  calces  of  mercury  and  lead ;  the  metals  were 
vived,  and  fixed  air  was  expelled.  When  pulvei 
plumbago  was  diftilled  with  cauflic  fixed  alkali 
ft-rong  heat,  the  volatile,  product  was  inflammable 
and  the  remaining  alkali  contained  fixed  air. 
Phlogiftk  the-      From  thefe,  and  other  fadts,  he  concluded, 

plumbago  is  a  compound  of  phlogifton  and  fixed  aii^ 
with  a  little  iron,  which  he  fuppofed  to  be  accidenra||i 
The  exiflence  of  the  j  phlogifton  was  judged  tOtfl 
proved  by  its  detonation  with  nitre,  as  well  as  by 
revival  of  the  acid  of  arfenic  and  the  metallic  ci 
and  the  extrication  of  inflammable  air  by  alkali: 
inferred  the  quantity,  of  phlogifton  in  this  fubftan^ 
to  be  twice  as  much  as  in  charcoal;  becaufe  it 

*  Schcclc.    Sec  his.  Eflays,  Eng.  Tranf.  Eflay  XIII 
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q  ;s  twice  the  quantity  of  nitre  for  its  detonation.  iron. 
g|  prefence  of  fixed  air  was  deduced  from  the  aerial 1 
dUcls  in  all  the  diftillations  but  the  laft ;  and  from 
tffnild  ftate  of  the  alkalis,  in  thofe  trials  wherein 
jajvwere  ufed. 

<Lie  antiphloeiftic  philofophers  *  confider  plumbago  AntiphlogWtic 

j  r      o         r  r  ;  •  ;  i    r  theory  of  plum. 

\a  i  compound  of  iron,  and  the  acidifiable  bafe  of  bago. 
||  air,  which  they  call  carbone,  becaufe  it  exifts 
u  abundantly  in  charcoal,  The  difficulty  of  burn- 
il  >r  decompofing  it,  is  confidered  as  a  confequence 
u  e  combination  of  its  parts,  which  are  lefs  difpofed 
Id  lite  with  vital  air,  than  either  would  be  if  alone. 
I  fame  difficulty  accounts  for  the  large  proportion 
Ititre  required  to  .deflagrate  with  it  completely  } 
■entity  required,  not  becaufe  there  is  much  com- 
»ble  matter  to  be  burned,  but  becaufe  a  long 
I  nued  and  elevated  heat  is  necefiary ;  by  which 
i:is  much  of  the  nitre  is  decompofed,  and  its  vital 
■  lies  off,  without  having  been  employed  in  the 
ft  mftion,  as  appears  by  the  two  thirds  of  the  «laftic 
|Lu£b,  which  will  fupport  the  flame  of  a  candle. 
f<  other  facts  are  eafily  adapted  to  this  theory.  By 
liiation  with  nitre  it  affords  fixed  air,  becaufe  the 
iDuftible  bafe  is  acidified  by  the  vital  air  of  the 
I  .  The  arfenical  acid,  and  metallic  calces,  are 
1  ced  by  the  abftra&ion  of  the  vital  air  they  con- 
|:d;  which  vital  air,  combining  with  the  acidifi- 
I  bafe  contained  in  the  plumbago,  converts  it  into 
I  fixed  air,  or  acid,  which  flies  off:  And,  laftly,  in 
I  diftillation  of  plumbago  with  humid  alkali,  a  de- 

-Acad.  Par.  1785,  pag.  131,  et  fuq. 

compo- 
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iROir. .     compofition  of  the  water  takes  place :  its  inflammi 
1       v         ble  air  flying  off;  and  its  vital  air,  combining  wii/ 
the  acidifiable  bafe,  as  before,  forms  fixed  air,  whit 
unites  with  the  alkali,  and  renders  it  mild. 
RefemMance        The  chief  difference  in  the  matter  of  fact,  betweq 

between  plum-    .    .     ,  **,♦*'« 

bago  and  pyrites,  thele  theonfts  appears  to  conlift  in  the  iron  j  whij 
the  latter  confider  as  a  neceffary  part  of  the  comb* 
tion  •,  by  means  of  which  they  account  for  its  difiicUl 
combuftibility.  Since  plumbago  does  really  tontajf 
iron,  it  may  be  confidered  as  a  compound  of  a  nmilj^ 
nature  to  the  martial  pyrites.-  Thus  in  the  pyrites  ir^ 
Page  477: 149.  is  united  to  fulphur;  which  the  phlogiftian  philom 
phers  afiert  to  be  a  compound  of  vitriolic  acid  (or  if 
bafe)  and  phlogifton,  while  their  opponents  take  tf  j 
fulphur  to  be  a  fimple  fubftance,  capable  of  acidifi^ 
tion  by  the  addition  of  vital  air  :  and  fo  likewife  pluif 
bago  is  a  compound  of  iron,  united  to  another  fill 
fiance  ;  which  the  phlogiftians  affert  to  be  fixed  a| 
combined  with  phlogifton  ;  at  the  fame  time  til 
the  other  party,  rejecting  the  inflammable  princifjlf 
affirm  that  it  is  the  fimple  acidifiable  bafe,  which 
form  fixed  air  when  vital  air  is  added  to  it.  II 
fee  therefore  that  it  is  the  explanation,  and  not  || 
fa£ts,  which  forms  the  object  of  contention. 
Recapitulation  Since  crude  iron,  then,  contains  the  bafe  of  nil 
fating"  t^the""  a^r'  m  combination,  of  which  it  may  be  depiffl 
ftates  of  iron,  by  heat  wJth  accefs  of  vital  air,  which  conveJttB 
into  the  acid  ftate ;  and  fince  it  again  recovers  tW 
bafe  by  cementation  with  charcoal,  there  can  be 
doubt  but  the  plumbago  is  afforded  by  the  fuel  J I 
being  highly  probable  that  iron  is  neceffary  to  its  || 
parate  exiflence.   It  appears  alfo  that  the  reductio 
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I  netallic  calx  takes  place  firft  at  a  lower  tempera-  iron. 
i    and  that  the  combination  of  the  bafe  of  fixed         v  *~ 
A  Hows  at  a  greater  heat.    Whence,  in  the  refining  Refining. 
I  3n,  the  plumbago  is  firft  burned,  and  the  iron  re- 
ij  s  reduced }  and,  in  the  cementation  of  bar  iron,  Cementation. 
t$  letal  is  converted  into  fteel,  with  blifters  on  its 
i  ;e ;  which  moft  probably  arife  from  fixed  air 
tj  id  by  the  vital  air  of  fome  portions  of  unreduced 
i  uniting  with  the  acidifiable  bafe  from  the  char- 
And,  laftly,  as  iron  holds  this  acidifiable  bafe, 
jl  dogifticated  acid,  in  folution,  fo  likewife  it  may 
I oe  feparable  from  this  metallic  folvent,  without 
ing  a  portion  with  it ;  in  the  fame  manner  as  falts, 
h  cryftallize  in  water,  always  take  up  part  of  the 
:it  in  the  formation  of  their  cryftals. 

i  would  require  many  volumes  to  enumerate  the  Ufes  of  iron.' 
i  lg  ufes  of  iron.    This  moft  valuable  of  metals  is 
:sd  to  fo  many,  and  fuch  important  ufes,  that  we 

)t  look  round  us  without  feeing  its  effects.  "When 
i  ^template  the  innumerable  effects  of  human  in- 

y,  and  afk  ourfelves  the  fimple  queftion,  could 
.  .ave  been  done  without  iron  ?  there  is  not  a  fingle 

ice  which  will  not  immediately  mew  its  value. 

indeed  difficult  to  form  an  idea,  how  civilized 

:y  could  exift  without  it. 
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CHAP.  VIII. 


CONCERNING  TIN. 


TIN. 


Characters  of 
tin. 


HP  I  N  is  a  metal  of  a  yellowifh-white  colour,  col 
fiderably  harder  than  lead,  fcarcely  at  all  foj 
rous,  very  malleable,  though  not  very  tenacious, 
cannot  be  made  of  it ;  but,  under  the  hammer,  I 
extended  into  leaves,  called  tin  foil,  which  are 
one-thoufandth  of  an  inch  thick ;  and  might 
be  beaten  to  lefs  than  half  that  thicknefs,  if  the' 
pofes  of  trade  required  it.    The  procefs  for 
tin  foil  confifts  fimply  in  hammering  out  a  m 
of  plates  of  this  metal,  laid  together  upon  a  fn 
blbck,  or  plate  of  iron.    The  fmalleft  fheets  ar 
thinned.    Its  fpecific  gravity  is  lefs  than  that 
other  malleable  metal.    Long  before  ignition,  it 
at  about  the  410th  degree  of  Fahrenheit's  the 
meter ;  and,  by  a  continuance  of  the  heat,  it  is 
converted  into  a  white  powder  by  calcination, 
lead,  it.  is  brittle  when  heated  almoft  to  fufion ; 
exhibits  a  grained  or  fibrous  texture,  if  broken  I 
the  blow  of  a  hammer ;  it  may  alfo  be  granulate 
agitation  at  the  time  of  its  tranfition  from  the  fluic 
the  folid  ftate.    The  calx  of  tin  refills  fufion 
ftrongly  than  that  of  any  other  metal ;  from 
property,  it  is  ufeful  to  form  an  opake  white  eiHtf 
when  mixed  with  pure  glafs  in  fufion.    The  brig 
nefs  of  its  furface,  when  fcraped,  foon  goes  of 
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Mure  to  the  air ;  but  it  is  not  fubjeft  to  ruft,  or  tin. 

ofion,  by  expofure  to  the  weather.  V  v 

oncentrated  vitriolic  acid,  afliftedby  heat,  diffolves  Solution  of  tin  in 
.  ,  .  ,      r  .  ,          .    .  ,.    vitriolic  acid : 

its  weight  of  tin,  at  the  fame  time  that  vitriolic 
air  efcapes  in  great  plenty.  By  the  addition  of 
er  a  calx  of  tin  is  precipitated.    Vitriolic  acid, 

:itly  diluted,  likewife  acts  upon  this  metal";  but  if 
:h  water  be  prefent,  the  folution  does  not  take 
e.  In  the  vitriolic  folution  of  tin  there  is  an 
lal  formation,  or  extrication  of  fulphur,  which 

.ders  the  fluid  of  a  brown  colour  whilft  it  conti- 
s  heated,  but  fubfides  by  cooling.  The  tin  is 
wife  precipitated  in  the  form  of  a  white  calx  by 

:>ntinuance  of  the  heat,  or  by  long  {landing  with- 

:  heat.    This  folution  affords  needle-formed  cryftals 

cooling. 

Citrous  acid  and  tin  combine  together  very  rapidly,  —  in  nitrous 
hout  the  afliftance  of  heat.  Moft  of  the  metal 
>  down  in  the  form  of  a  white  calx,  extremely  difli- 
:  of  reduction  ;  and  the  fmall  portion  of  tin  which 
lains  fufpended,  does  not  afford  cryftals,  but  falls 
ra,  for  the  moft  part,  upon  the  application  of  heat, 
imfpiffate  the  fluid.  The  ftrong  action  of  the  ni- 
js  acid  upon  tin  produces  a  fingular  phenomenon, 
ich  is  happily  accounted  for  by  the  modern  difco- 
ies  in  chemiftry.  'Mr.  De  Morveau  *  has  obferved  Singular  td'cd. 
t,  in  a  folution  of  tin  by  the  nitrous  acid,  no  elaftic 
fid  was  difengaged;  but  that  volatile  alkali  was 
med.  This  alkali  mult  have  been  produced  by 
!  phlogifticated  air  of  that  part  of  the  nitrous  acid 

*  Kirwan  on  Phlogifton,  ?d  edition,,  p.  234. 

which 
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tin*       which  was  employed  in  affording  pure  air  to  calci 
Voiatii^Tikair'  ^e  t*n*    Tne  phlogifticated  air  muft  therefore  hav 
produced  from    combined  with  inflammable  air  :  but  whether  this  1 

nitrous  acid,  Sec. 

flammable  air  was  afforded  by  a  decompofition  of  th 
water  of  the  menftruum,  or  whether  it  came  fro 
the  phlogifton  of  the  tin,  is  a  queftion  that 
remain  undetermined,  until  decifive  experiments 
been  made  for  the  eftablifhment  of  one  or  the  o' 
of  the  two  theories,  which  at  prefent  divide  the 
mical  world. 

Solution  of  tin  in  The  marine  acid  diffolves  tin  very  readily,  at 
fame  time  that  it  becomes  of  a  darker  colour, 
ceafes  to  emit  fumes.  A  flight  effervefcence  t 
place  with  the  difengagement  of  a  fetid  inflamm 
gas.  Marine  acid  fufpends  half  its  weight  of  tin, 
does  not  let  it  fall  by  repofe.  It  affords  permane 
cryftals  by  evaporation.  If  the  tin  contain  arfen 
it  remains  undiffolved  at  the  bottom  of  the  fluid. 

—  in  dephlogif-     Dephlogifticated  marine  acid  diffolves  tin  very  r 

acid:  manM    dily,  and  without  fenfible  effervefcence.    The  foluti 
itfelf  does  not  appear  to  differ  from  the  foregoing. 

«^in  aqua  regia.  Aqua  regia,  confiding  of  two  parts  nitrous  a 
one  marine  acid,  combines  with  tin  with  effervefcen 
and  the  developement  of  much  heat.  In  Order 
obtain  a  permanent  folutioii  of  tin  in  this  acid, 
is  neceffary  to  add  the  metal  by  fmall  portions  a 
time ;  fo  that  the  one  portion  may  be  entirely  diffol 
before  the  next  piece  is  added<  Aqua  regia,  in  t 
manner,  diffolves  half  its  weight  of  tin.  The 
tion  is  of  a  reddifh  brown,  and  in  many  inftan 
affumes  the  form  of  a  concrete  gelatinous  fubftan 
The  addition  of  water  fometimes  produces  the  c 
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;  form  in  this  folution,  which  is  then  of  an  opal  tint. 
nr.  on  account  of  the  calx  of  tin  difFufed  through  *  ,  .  ^  r  ' 

o     Solution  or  vti  lil 

ubftance.    The  uncertainty  attending  thefe  expe-  aqua  rtg'» 
nts,  with  the  folution  of  tin  in  aqua  regia^  feems 
epend  upon  the  want  of  a  fufficient  degree  of 
racy  in  ascertaining  the  fpecific  gravities  of  the 
acids  which  are  mixed ;  the  quantities  of  each, 
)f  the  tin,  together  with  that  of  the  water  added. 
:  probable  that  the  fpontaneous  aflumption  of  the 
i  rete  ftate  deperids  upon  water  imbibed  from  the 
fphere.    The  folution  of  tin  in  aqua  regia  is  ufed 
yers  to  heighten  the  colours  of  cochineal,  gum 
ind  foine  other  red  tinctures,  from  crimibn  to  a 
t  fcarlet,  in  the  dying  of  Woollens; 
Hermftasdt  has  fucceeded  in  the  actual  acidifi-  Acid  of  iih. 
1  of  this  metal,  by  treating  it  with  the  marine 
i  itrous  acids.    He  diflblves  pure  tin  in  pure  ma- 
acid,  and  boils  this  folution  with  nitrous  acid 
[•led  from  manganefe)  until  the  red  vapours  ceafe 
pear.    The  fluid,  which  is  then  limpid^  is  ex- 
to  diftillation  until  the  whole  of  the  marine 
i  .itrous  acids  have  been  diflipated.    The  white 
ming  mafs  is  foluble  in  three  parts  bf  water,  and 
acid  of  tin.  A  red  heat  converts  this  matter  into 
)w  tranfparent  fubftance,  neither  acid  nor  foluble 
iter;  but  it  regains  both  properties  by  d  fevr 
expofure  to  the  air  *. 

*  acetous  acid  fcarcely  acls  Upon  tin.    The  ope- 
of  other  acids  upon  this  metal  has  been  little 
ed  into. 


Wal  de  Phyf.  xxxv.  39,.  Nov.  t789. 
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tin.  When  equal  parts  of  an  amalgam  of  tin  and  mcr- 

The  fuming  iu  CU17»  anc*  °^  corrofive  fublimate,  are  triturated  toge- 
quorof  Libavius.  tner,  and  the  mixture  expofed  to  diftillation  in  a  retort, 
by  a  very  gentle  heat;  a  colour  lefs  fluid  fir  ft  come* 
over,  which  is  followed  by  a  thick  white  fume,  which 
becomes  condenfed  into  a  tranfparent  liquor,  called! 
the  fuming  liquor  of  Libavius,  on  account  of  thq 
copious  fumes  it  emits  when  the  vefTel  that  contains 
it  is  opened.  On  account  of  the  confiderable  volatility 
of  this  liq.uid,  it  rifes,  partly  in  the  form  of  flowers! 
to  the  top  of  the  bottle  m  which  it  is  put ;  fo  that! 
in  the  eourfe  of  feveral  months,  it  becomes  entirelj 
clofed.  The  compofition  and  effects  of  this-  liqui* 
were  but  imperfectly  known  until  lately,  when  Mi 
Adet's  exam'ma-  Adet  made  feveral  ingenious  experiments  upon  it.  3 

t'ton  of  the  fum«-         -         ......         .  .  ,£5 

ing  liquor  of  exponng  this  liquid  under  receivers  containing  am 
Libavius.         ajr>  oyer  mercurVj  \lc  found  that  the  volatile  fhwj 

arofe,  and  lined  the  vefTel  with  cryftalsj  when  wat|h 
wasprefent;  though  very  few  cvyftals  were  fonpjB 
when  the  air  was  as  dry  as  it  could  be  made.  Sm 
obferved  likewife,  that  when  water  was  added  to  tlh; 
fuming  liquor  of  Libavius,  it  became  folid,  and  ceafl& 
to  emit  fumes.  A  precife  quantity  of  water  is  jjfc 
quired,  to  produce  this  effect  iai  the  moft  perfect  i^P 
ner,  •  if  the  quantity  of  water  be  too  fma-11,  the  li<M 
retains  more  or  lefs  of  its  difpofition  for  the  fluid  ftaj 
and  if  it  be  too  confiderable,  the  fluidity  of  the 
prevails.-  By  feveral  trials  he  found  that  the  due. 
portion  of  water  to  be  added  to  the  fuming  liquoij  i  » 
Libavius  was  as  7  to  22.  A  kind  of  ebullitionJ  1 1 
efcape  of  bubbles,  was  produced  during  the  combj 
tion  ;  which,  on  examination,  was  found  to  arife  ilwj* 
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e  efcape  of  the  air  previoufly  contained  in  the  fluid  tin. 
vvater.    He  found  likewife  that  this  concrete  fub-  v 
itance,  when  rendered  fluid  by  an  increafe  of  tempe- 
rature, was  capable  of  diflblving  more  tin,  without 
:he  difengagement  of  inflammable  air.    After  the 
concrete  fubftance  was  faturated  with  tin,  it  could  no 
conger  be  fublimed,  but  might  be  made  to  undergo 
i  red  heat ;  during  which  time  there  was  an  efcape 
■>{  vapours,  confiding  of  tin  combined  with  the  ma- 
rine acid;  and,  after  a  ftrong  heat,  the  refidue  was 
1 1  white  calx  of  tin.    It  appeared  therefore  that  the 
:  iquor  of  Libavius,  rendered  concrete  by  water,  and 
aturated  with  tin,  refembles,  in  its  properties,  the 
'ommon  folution  of  tin  in  the  marine  acid. 

From  thefe  circumftances,  Mr.   Adet  concludes  Adet's  examinaw 
hat  the  tin,  by  ftronger  affinity,  combines  with  the  i„°gn  hqUOr  of™ 
derated  or  dephlogifticated  marine  acid  of  the  corro-  Llbavms* 
\ive  fublimate  with  which  it  is  heated  ;  that  this  com- 
'ination  contains  no  water ;  and  that,  as  it  abounds 
nth  a  fubftance  of  fuch  extreme  volatility  as  that 
rated  acid,  its  freezing  point  is  very  low,  info- 
luch  that  it  is  habitually  fluid ;  that  the  addition  of 
vater,  in  a  due  proportion,  alters  the  freezing  point, 
nd  renders  it  concrete  at  a  common  temperature ; 
nd,  Iaftly,  that  the  ftate  of  the  marine  acid  in  this 
bftance  is  that  which  is  called  aerated,  or  dephlo- 
ifticated ;  which  is  proved  as  well  from  the  experi- 
ents  which  afcertain  that  ftate  in  corrofive  fubli-  Page  z6z. 
ate,  as  from  fimilar  experiments  with  the- fuming 
iquor,  which,  as  has  been  obferved,  is  capable  of 
liffolving  more  tin  without  difengaging  inflammable 
ir.    The  fuming  liquor  of  Libavius  has  therefore 

Z  3  the 
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tin.       the  farfte  relation  to  the  common  folution  of  tin  a* 

*  ^  ~*  corrofive  fublimate  has  to  calomel  *. 

The  refidue,  after  the  diftillation  by  which  the 
fuming  liquor  of  Libavius  is  produced,  confifts  of 
tin  combined  with  the  marine  acid,  calomel,  and 
running  mercury,  which  fublime  into  the  roof  and 
neck  of  the  retort;  and  at  the  bottom  is  found  an 
amalgam  of  mercury  and  tin,  covered  with  a  falinc 
combination  of  marine  acid  with  tin,  and  fuch  other  j 
metals  as  the  tin  may  have  been  adulterated  with. 
Much  information  may  be  derived  from  the  foregoing 
experiments  of  Mr.  Adet  refpeding  the  phenomena 
produced  when  tin  is  diflblved  in  aqua  regia. 
Habitud«oftin,     Earthy  fubftances  do  not  appear  to  afFed  this  metal 
with  earths  and  .     ,     ,  jt  detonates  very  rapidly  with  nitre, 

and  becomes  converted  into  a  calx,  which  partly  com- 
bines with  the  alkali.    All  the  vitriolic  falts  are  de-» 
compo.fed  by  tin.    The  tin  becomes  calcined,  and  the' 
vitriolic  acid  converted  into  fulphur,  either,  by  the 
phlogifton  of  the  metal,  according  to  the  ancie 
theory  ;  or  by  tire  fubtrattion  of  its  vital  air,  accord 
ing  to  the  modern  theory.    This  fulphur  appears  t 
combine  with  the  alkali,  or  earth  of  the  fait,  wj 
which  it  forms  an  hepar  that  diffolvcs  part  of  th 
calx. 

-with  f»i  *m-  Sal  ammoniac  is  very  readily  decompofed  by  tin 
Aikaiine  and  inflammable  air  are  difengaged;  and  : 
concrete  marine  fait  remains:  behind,  which,  in  fom 
meafure,  refembles  the  fuming  liquor  of  Libavius 
The  volatile  alkali,  or  alkaline  airr  which  efcapes,  i 

*  Annalcs  dc  Chiniic,  i,  i,  fee. 
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lifengaged  by  virtue  of  the  fuperior  affinity  of  the  tin. 
alx  6f  tin  with  the  marine  acid,  at  the  temperature  v 
f  the  experiment.    The  inflammable  air,  which  like- 
i'ife  flies  off,  is  a  confequence  of  the  calcination  of 
he  tin ;  and  will  be  derived  either  from  the  phlo- 
ifton  of  the  tin,  or  the  decompofition  of  the  water, 
ccording  to  the  theory  which  may  be  applied  in  the 
xplanation.   Notwithftanding  the  facility  with  which 
iiis  metal  decompofes  fal  ammoniac,  there  is  an  in- 
onvenience  refulting  from  its  ufe,  which  depends  on 
he  great  fufibility  of  this  metal;  in  confequence  of 
/hich,  it  cannot  be  intimately  mixed  with  the  fal 
mmoniac,  but  remains  at  the  bottom  of  the  veflel 
1  the  fluid  ftate ;  while  part  of  the  fal  ammoniac 
fudes  its  a£Hon,  and  is  fublimed  entire. 
If  the  cryftals  of  the  faline  combination  of  copper  Spontaneous  de. 
ith  the  nitrous  acid  be  grofsly  powdered,  moiftened, 

inflammation  of 

nd  rolled  up  in  tin-foil,  the  fait  deliquefces,  nitrous  mcta  llc  *tt* 

imes  are  emitted,  the  mafs  becomes  hot,  and  fud- 

enly  takes  fire.    In  this  experiment*  the  rapid  tran- 

tion  of  the  nitrous  acid  to  the  tin  is  fuppofed  to 

roduce  or  develope  heat  enough  to  fet  fire  to  the 

itrous  falts  ;  but  by  what  particular  changes  of  capa- 

ity,  has  not  been  fhewn. 

If  fulphur,  in  powder,  be  added  to  about  five  times  Combination  of 
s  weight  of  melted  tin,  the  two  fubftances  combine,  tinwith  fLlll  hur» 
nd  form  a  black  compound,  which  takes  fire,  and  is 
nich  lefs  eafily  fufed  than  the  tin  itfelf.    The  mafs  is 
rittle,  and  of  a  needled  texture. 

The  combination  of  tin  and  fulphur,  called  aurum  Aurum  mufi- 


vum. 


*  Of  Dr.  Higgins.    Philof.  Tranf.  lxiii.  p.  137. 
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mufivum,  is  thus  made :  Melt  twelve  ounces  of  tin 
and  add  to  it  three  ounces  of  mercury  j  triturate  this 
amalgam  with  feven  ounces  of  fulphur,  and  three  of 
fal  ammoniac.   Put  the  powder  into  a  matrafs,  bedded 
rather  deep  in  fand,  and  keep  it  for  feveral  hours  in 
a  gentle  heat ;  which  is  afterwards  to  be  raifed,  and 
continued  for  feveral  hours  longer.    If  the  heat  has 
been  moderate,   and  not  continued  too  long,  the 
golden-coloured  fcaly  porous  mafs,  called  aurum  mu- 
fivum, will  be  found  at  the  bottom  of  the  veflel ;  but. 
if  it  has  been  too  ftrong,  the  aurum  mufivum  fufes  to 
a  black  mafs,  of  a  ftriated  texture.    This  procefs  is 
thus  explained :  As  the  heat  increafes,  the  tin,  by 
Aurum  mufi-    ftronger  affinity,  feizes,  and  combines  with,  the  ma- 
rine  acid  of  the  fal  ammoniac ;  while  the  alkali  of 
that  fait,  combining  with  a  portion  of  the  fulphur,  flies  i 
off  in  the  form  of  an  hepar.    The  combination  of  tin, 
and  marine  acid  fublimes,  and  is  found  adhering  tot 
the  fides  of  the  matrafs.    The  mercury,  which  ferved, 
to  divide  the  tin,  combines  with  part  of  the  fulphurJ|| 
and  forms  cinnabar,  which  alfo  fublimes  ;  and  the  re-t 
maining  fulphur,  with  the  remaining  tin,  forms  the; 
aurum  mufivum,  which  occupies  the  lower  part  of  the 
veflel.    It  mud  be  admitted,  however,  that  this  expla- 
nation does  not  indicate  the  reafons  why  fuch  an  in- 
direct and  complicated  procefs  mould  be  required  ta 
form  a  Ample  combination  of  tin  and  fulphur. 
Combination  of     When  tin  is  heated  with  phofphoric  acid  and  char 
phorus!*1  ph°  "  coal,  the  metal  appears  to  be  very  little  changed.  A 
combination,  however,  feems  to  take  place ;  for  the 
phofphorus  burns  on  the  furface  of  the  metal  when 
heated  by  the  blow-pipe. 

Tu. 
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Tin  unites  with  bifmuth  by  fufion ;  and  becomes  tin. 
der  and  more  brittle,  in  proportion  to  the  quan-  Metanic 
y  of  femi-metal  added.    With  nickel  it  forms  a 
hite  brilliant  mafs.    It  cannot  eafily  be  united  in 
e  direct  way  with  arfenic,  on  account  of  .the  vola- 
lity  of  this  femi-metal;  but,  by  heating  it  with  the 
mbination  of  the  arfenical  acid  and  vegetable  al- 
ii, the  fait  is  partly  decompofed ;  and  the  tin,  corn- 
bring  with  the  acid,  becomes  converted  into  a  bril- 
.ant  brittle  compound,  of  a  plated  texture-    It  is 
hought  that  all  tin  contains  arfenic  ;  and  that  the 
rackling  noife  which  is  heard  upon  bending  pieces 
>f  tin  is  produced  by  this  impurity.    Cobalt  unites 
v  ith  tin  by  fufion ;  and  forms  a  grained  mixture,  of 
colour  Hightly  inclining  to  violet.    Zinc  unites 
cry  well  with  tin,  increafmg  its  har-dnefs,  and  dimi- 
liftiing  its  ductility,  in  proportion  as  the  quantity  of 
dnc  is  greater.    This  is  one  of  the  principal  additions 
ifed  in  making  pewter,  which  confifts,  for  the  mod 
>art,  of  tin.    The  beft  pewter  does  not  contain  above  Pewter, 
one-twentieth  part  of  admixture,  which  confifts  of 
zinc,  copper,  bifmuth,  or  fuch  other  metallic  fub- 
'ftances  as  experience  has  fhewn  to  be  moft  conducive 
to  the  improvement  of  itc  hardnefs  and  colour.  The 
inferior  forts  of  pewter,  more  efpecially  thofe  ufed 
abroad,  contain  much  lead,  have  a  blueifh  colour,  and 
are  foft.    The  tin  ufually  met  with  in  commerce  in 
this  country  has  no  admixture  to  impair  its  purity, 
except  fuch  as  may  accidentally  elude  the  workmen  at 
the  mines.    But  the  tin  met  with  in  foreign  countries  Miftake  of  fo- 
is  fo  much  debafed  by  the  dealers  in  that  article,  efpe-  [^EnglS?56 
(Sally  the  Dutch,  that  pewter  and  tin  are  confulered 
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t  T,w-  abroad  ais  the  fame  fubftance.  Regulus  of  antimony  i 
•  forms  a  very  brittle,  hard,  mixture  with  tin-,  the  fpe-Jj 
cific  gravity  of  which  is  lefs  than  would  have  been,!! 
deduced  by  computation  from  the  fpecific  gravities  i 
and  quantities  of  each,  feparately  taken.  "Wolfram j  j 
fufed  with  twice  its  weight  of  tin,  affords  a  brown]  j1 
fpungy  calx,  which  is  fomewhat  duftile. 
Kaifyc  tin.  Tin  is  fcarcely  ever  found  native.    Native  tin  mavfj 

be  analyfed,  in  the  moifl  way,  by  the  application  oat] 
nitrous  acid,  which  calcines  the  tin,  and  diffblves  theTd 
other  metals  it  may  contain.  One  hundred  and  fortyfj 
grains  of  the  wafhed  and  dried  calx  are  equivalent  tad 
one  hundred  grains  of  metallic  tin.  The  metallic  ad-U 
mixtures  may  be  feparated  from  the  nitrous  acid  tnjy 
methods  adapted  to  their  refpe&ive  properties ;  whionB 
may  be  eafily  gathered  from  what  has  already  been!* 
obferved  in  the  humid  analyfis  of  the  metals  befouaB 
treated  of. 

Calciform  ores      The  calciform  ores  of  tin  are — tin  fpar,  which 

generally  of  a  whitifh  or  grey  colour,  fometimesl 
greenilh  or  yellowifb,  femi-tranfparent,  and  cryftalJB 
lized  in  a  pyramidical  form,  or  irregularly — opakejH 
brown  or  black  tin  ore,  cryflallized,  and  embodied  irtm 
quartz,  fluor,  or  mica,  or  mixed  with  white  and  yel-» 
low  pyrites  5  thefe  ores  contain  a  mixture  of  iron — Vjk 
the  reddifh  yellow,  or  garnet  ore,  which  contains* 
more  of  iron  than  of  tin — and  the  tin  ftone,  vulgarly}* 
called  leadftones,  which  contain  ftill  lefs  tin. 

Tin  ores  eon-      It  was  formerly  fuppofed  that  tin  was  frequently! 

raining  <trfuik  j  mjneraiiZCfi  by  arfenic  •,  but  it  is  now  admitted  thad 
the  arfenie,  which  may  be  contained  in  tin,  is  afforded! 

and  fulpnur.      by  the  matrix.    The  fcarcity  of  fulphureous  tin  ores) 
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;  Iikewife  confidered,  till  lately,  as  a  very  lingular  tin. 
,  on  account  of  the  facility  with  which  that  fub- 
ce  unites  to  tin :  fuch  combinations,  however, 
5  fince  been  found.    The  native  aurum  mufivum, 

0  Siberia,  is  of  this  kind  :  and  a  very  confiderable 

1  of  tin  in  combination  with  fulphur,  and  an  ad- 
ture  of  copper  and  iron,  has  been  found  in  Corn- 
1  *.  The  analyfis  of  tin  ores  in  the  humid  way 
a  object  of  fome  difficulty ;  becaufe  they  are  not 
d  upon  effe&ually  either  by  the  vitriolic,  nitrous, 
larine  acids,  or  by  aqua  regia.  The  method  of 
mian  is  as  follows :  The  ore  mud  be  reduced  to 
ry  fubtile  powder  by  levigation  and  elutriation. 

Jaft  procefs  confifts  in  agitating  any  powder  in  Procefs  of  elu- 

•i.i.-i  ,  n  . .  ,         n-i   fiat  ion  deferik- 

r,  winch  is  heavy  enough  to  fink  in  that  fluid,  ed andexphined, 
particles  will  be  refilled  in  their  defcent,  accord- 
jo  the  furfaces  they  oppofe  againft  the  fluid.    It  is 
ely  neceflary  to  obferve,  that  a  larger  body  pre- 
a  lefs  furface  to  be  refilled,  than  the  fame  body 
d  oppofe  if  it  were  divided  into  parts.    For  this 
n,  when  a  powder,  confiding  of  particles  of  the 
denfity,  but  different  magnitudes,  is  agitated  in 
;hter  fluid,  the  largeft  pieces  come  firft  to  the 
:  and  hence  the  method  of  elutriation  enables 
aflbrt  the  various  particles  of  a  powder  according 
eir  magnitudes,  by  firft  agitating  the  fluid,  and 
vely  decanting  it  into  different  veflels.  Thus, 
sample,  if  the  water  be  decanted  five  feconds  after 
station,  it  will  leave  a  powder  behind  it;  if  it 

-e  Magellan's  Cronftedt,  p.  637.    The  contents  of  one 
•n  were  30  parts  fulphur,  41  tin,  43  copper,  2  iron,  and 
matrix.  , 

be 
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be  again  decanted,  at  the  end  of  five  feconds  mor 
v         the  fecond  veflel  will  contain  a  much  finer  powc 
than  the  foregoing  ;  and,  by  a  third  decantation,  a  f 
more  fubtile  powder  will  be  obtained.    This  is 
-Putty.      method  applied  in  the  preparation  of  the  white 
of  tin,  called  putty,  and  ufed  for  polifhing  fine 
tallic  fpeculums,  and  the  objecT:  lenfes  of  telefc 
and  in  this  way  the  tin  ore  to  be  analyfed,  ma 
reduced  to  a  very  fubtile  powder,  by  levigating 
again  wafhing  the  coarfe  refidue  which  fubfide 
the  firft  veflel.    It  may  be  obferved,  that  the  fucc 
decantations  are  unneceflary  where  the  very 
Anaiyfu  of  tin   powder  only  is  wanting  ;  becaufe  this  may  be  as 
jofd  way         obtained  by  fuffering  the  water  to  (land  a  fuf& 
time  before  it  is  decanted  off  at  firft.    To  the 
fubtile  powder  of  tin  ore,  thus  afforded,  a  qua 
concentrated  vitriolic  acid  muft  be  added,  and  h 
a  ftrcng  digefting  heat  for  feveral  hours.  A 
portion  of  concentrated  marine  acid  muft  be  pot 
into  this  when  cold.    A  ftrong  effervefcence 
place  with  confiderable  heat  and  the  efcape  of  m 
acid  air,  which  has  been  deprived  of  its  water  b' 
vitriolic  acid.    After  the  expiration  of  an  ho 
two,  fome  water  muft  be  added,  and  the  clear  1 
decanted.    The  fame  operation  muft  be  repeated 
the  refiduum,  until  the  acids  can  difTolve  no 
and  nothing  will  then  remain  but  the  ftony  mi 
The  folution,  when  precipitated  by  means  of 
alkali,  will  afford  100  grains  of  metallic  tin  fo: 
132  grains  of  precipitate,  when  wafhed  and 
If  the  precipitate  do  not  confift  of  pure  tin,  bu 
tain  copper  or  iron,  it  muft  be  calcined  for  a 


REDUCTION  OF  TIN. 

red  heat;  then  digefted  in  nitrous  acid,  which 
ake  up  the  copper-,  and  afterwards  in  marine 
which  will  diflblve  the  iron. 

the  dry  way,  after  pulverization,  and  feparation  -  in  the  dry 
!  ftony  matter  by  wafhing,  the  tin  ores  may  be  "*7' 
'  fufed  with  twice  their  weight  of  a  mixture  of 
and  calcined  borax,  in  a  crucible  lined  with 
xtl,  and  covered;  or  the  ore  may  be  mixed 
twice  its  weight  of  tartar,  one  part  of  black 
and  half  a  part  of  refin.    This  mixture  being 
livided  into  three  parts,  each  part  muft  be  fuc- 
'ly  projected  into  a  crucible  ignited  to  white- 
which  muft  be  immediately  covered  as  foon  as 
rtion  thrown  in  ceafes  to  flame. 

\  °Perati°n  °f  reduci"g  ores  in  the  large  Region** 
is  conducted  upon  fimilar  principles.    When  in  the  large  way' 

they  are  cleanfed  from  foreign  admixtures,  by 
j  P°undi"g>  ^d  warning.  A  flight  previous 
g  renders  the  ftony  parts  more  friable  ;  and, 
Kmc  is  contained  in  the  matrix,  it  is  driven 
a  ftrong  heat,  continued  for  a  fhort  time;  the 
■*ng  frequently  ftirred,  to  prevent  its  running  to- 

•  by  fufion.  In  the  (melting  of  the  ore,  care  is 
to  add  a  larger  quantity  of  fuel  than  is  ufual  in 

■mving  of  other  metals ;  and  to  avoid  a  greater 

han  is  neceflary  to  reduce  the  ore,  in  order  that 

6  by  calcination  may  be  prevented  as  much  as 
ae, 

«  a  meta!  which,  as  far  as  our  prefent  infer-  CM„tri_WcJl 
"  extends,  is  not  very  much  diffufed.    It  j,*""* 
■n  Bohemia  and  Saxony,  and  on  the  ifland  of 

*  m  the  Eaft-I„dies.    But  the  largcft  quanti- 

ties, 
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ties,  at  leaft  for  the  European  confumption,  are  fou 
in  England  •,  particularly  in  the  county  of  Cornwij 
This  ifland  has  been  famous  for  its  tin  mines  fr< 
the  remoteft  periods  of  hiftory  ;  and  would  not,  p 
bably,  have  been  frequented  by  the  ancient  Pha 
cian  navigators,  if  they  had  not  been  attraaed 
ther  by  the  great  plenty  Of  tin  with  which  it  aboun 
Several  etymologifts  have  endeavoured  to  {hew  t 
the  name  of  Britain  is  derived  from  a  word  comn 
to  the  Syrian  and  Chaldean  languages,  denoting  t 
but  on  this  no  great  ftrefs  can  be  laid. 

The  ufes  of  tin  are  very  numerous,  and  to  ^ 
known,  that  they  fcarcely  need  be  pointed  out.  S 
ral  of  them  have  already  been  mentioned.  The 
ning  of  iron  and  copper,  the  filvering  of  look! 
glaffes,  and  the  fabrication  of  a  great  variety  of  vefl 
and  utenfils  for  domeftic  and  other  ufes,  are  anrnj 
the  advantages  derived  from  this  metal. 
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CONCERNING  BISMUTH. 

•MUTH  is  a  femi-metal,  of  a  yellowifli  or  bismuth. 
iddifli-white  colour,  little  fubjecl:  to  change  v  v  1 

t.   •     r  11,,  Charaftcrs  »f 

nr.  It  is  iomewhat  harder  than  lead,  and  is  bifmuth. 
/,  if  at  all,  malleable ;  being  eafily  broken,  and 
:duced  to  powder  by  the  hammer.  The  inter- 
e,  or  place  of  fracture,  exhibits  large  mining 
difpofed  in  a  variety  of  pofitions :  thin  pieces 
•  niiderably  fonorous.  At  a  temperature  not 
:ng  the  460th  degree  of  Fahrenheit  it  melts; 

furface  becomes  covered  with  a  greenifh, 
r>r  brown  calx.    A  flronger  heat  ignites  it, 
i.fes  it  to.  burn  with  a  fmall  blue  flame  ;  at  the 
me  that  a  yellowifli  calx,  known  by  the  name 
rers  of  bifmuth,  is  driven  up.    This  calx  ap- 
0  rife  in  confequence  of  the  combuftion  ; 
mS  very  fixed,  and  runs  into  a  greenifh  glafs 
":xpofed  to  heat  alone.    Bifmuth,  urged  by  a 
Mat,  in  a  clofed  veflel,  fublimes  entire.  This 
St&l  cryftallizes  very  diftinftly,  when  gradually 

vitriolic  acid  has  a  flight  aftion  upon  bifmuth,  AO*  of  VU 
:  »s  concentrated,  and  boiling.    Vitriolic  acid  tli°lic  acid* 
dialed,  and  part  of  the  bifmuth  is  converted 
raite  calx.    A  fmall  portion  combines  with  the 

acid,  and  affords  a  deliquefcent  fait,  in  the 

frrull  needles. 


The 
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bismuth.       The  nitrous  acid  attacks  bifmuth  with  the  grea 

'  *  '  rapidity  and  violence  •,  at  the  fame  time  that  m 

uousacid?  m"  heat  is  extricated,  and  a  large  quantity  of  nitrous 
efcapes.  The  folution,  when  faturated,  affords  c 
tals  as  it  cools :  the  fait  detonates  weakly,  and  le: 
a  yellow  calx  behind,  which  efflorefces  in  the 
Upon  diffolving  this  fait  in  water,  it  renders 
fluid  of  a  milky  white,  and  lets  fall  a  calx  of 
fame  colour. 

WKite  calx,  or      The  nitrous  folution  of  bifmuth  exhibits  the 
magifteryof  bif-      perty  when  diluted  with  water;  moft  of  the 
falling  down  in  the  form  of  a  white  calx,, 
magiftery  of  bifmuth.    This  precipitation  oi 
nitrous  folution,  by  the  addition  of  water,  i 
criterion  by  which  bifmuth  is  diftingutfhed  fin 
other  metals.    The  magiftery,  or  calx,  is  a 
white  and  fubtile  powder,  when,  prepared  b 
addition  of  a  large  quantity  of  water  :  it  is  ufec 
paint  for  the  complexion,  and  is  thought  gn«' 
to  impair  the  fkin.    The  liberal  ufe  of  any  patf 
the  Ikin  feems,  indeed,  likely  to  do  this ;  but 
is  reafori  to  fufpeft,  from  the  refemblance  betwej 
general  properties  of  lead  and  bifmuth,  that  djj 
of  this  femi-metal  may  be  attended  with  noxious  I 
fimilar  to  thofe  which  the  calces  of  lead  are  kn<# 

produce.  J 
MM*  in  ma-     The  marine  acid  does  not  readily  aft  upon  bj 
,inc  add.        It  is  neceflary  that  the  acid  mould  be  concenj j 
and  kept  a  long  time  in  digeftion  upon  it  •,  «J 
{hould  be  diftilled  from  the  femi-metal.   The  i 
when  warned  with  water,  affords  a  faline  coj 
tion,  which  docs  not  eafily  cryftallize,  but  - 
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Hmed  in  the  form  of  a  foft  fufible  fait,  called  bismuth. 
ier  of  bifmuth.  The  marine  foiution  of  bifmuth  V  v" 
wife  affords  a  precipitate  of  calx  by  the  addition 
pate*.  Marine  acid  feizes  the  calx  of  bifmuth, 
•n  added  to  its  foiution  in  nitrous  acid  j  and  forms 
Dinpound  of  fparing  folubility,  which  falls  to  the 
om.  Alkalis  likewife  precipitate  its  calx  j  but 
of  fo  beautiful  a  white  colour  as  that  afforded 
he  affufion  of  pure  wate*. 

lie  effects  of  earths  and  alkalis  upon  bifmuth,  in  Habitudes  of 
dry  way,  have  been  little  attended  to.    Nitre  cal-  clrths,  falts, 
;s  it,  with  fearcely  any  perceptible  detonation.    Sal  fulPhur: 
noniac  is  not  decompofed  by  bifmuth  in  the  me- 
c  State,  though  its  calx  readily  combines  with  the 
rine  acrd  of  that  fait,  and  difengages  the  volatile 
hli.    Sulphur  unites  with  bifmuth  by  fufion,  and 
■ns  a  blueifh  grey  brilliant  mafs,  of  a  needle-formed 
i  ure. 

"his  femi-metal  unites  with  moft  metallic  fub  and  metallic 

cesj  and  renders  them,  in  general,  more  fufible. 
eien  calcined  with  the  imperfect  metals,  its  glafs 
olves  them,  and  produces  the  fame  effecl:  as  lead 
cupellation ;  in  which  procefs,  it  is  even  faid  to 
preferable  to  lead. 

Sifmuth  is  ufed  in  the  compofitions  of  pewter,  in  ufes. 
•  fabrication  of  printers  types,  and  in  various  other 
allic  mixtures. 

t  is  fometimes  found  native,  and  may  be  analyfed,  Native  bifmuth 
the  humid  way,  by  foiution  in  nitrous  acid,  and  and  lts  0lcs* 
ipitation,  by  the  addition  of  water  ;  which  throws 
n  113  grains  of  calx  for  every  100  of  metallic 
nuth.    It  is  likewife  found  in  the  calciform  ftate ; 

I  and 


3£2  Ores  of  bismuth  reduced. 

btsmuth.    and  mineralized  by  fulphur,  of  a  grey  colour,  rcfcrriJ 
bling  galena,  but  heavier.     Thefe  ores  may  alfo  bet 
analyfed  by  nitrous  acid,  like  the  foregoing. 
Redudion  of       Bifmuth  is  eafily  feparable,  in  the  dry  way,  fron4 
its  ores,  on  account  of  its  great  ruhbihty.    It  is  ufua| 
in  the  procelTes  at  large,  to  throw  the  bifmuth  ori 
into  a  fire  of  wood ;  beneath  which  a  hole  is  mad) 
in  the  ground  to  receive  the  metal,  and  defend  ji. 
from  calcination.    The  fame  procefs  may  be  imitate! 
in  the  fmall  way,  in  the  examination  of  the  org. 
of  this  metal ;  nothing  more  being  neceflary  than  tj  ji 
jexpofe  it  to  a  moderate  heat  in  a  crucible,  with  kj 
quantity  of  reducing  flux ;  taking  care,  at  the  farrfd 
time,  to  perform  the  operation  as  fpeedily  as  pofliblj 
that  the  bifmuth  may  be  neither  calcined  nor  vol 
tilized. 
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CONCERNING  NICKEL. 

r  I C  lv  E  L  is  a  reddifh  white  metallic  fubftancs,  nickel. 
'  of  great  hardnefs,  and  of  an  uniform  texture  ;  1  char^ctJ  "* 
difficult  to  be  purified,  and  always  magnetical, 
nee  it  has  been  fuppofed  to  contain  iron  in  its 
?ft  date.  It  is  malleable,  and  is  fcarcely  more 
>le  than  pure  iron.  Its  calces  are  of  a  green 
ur. 

his  metallic  fubftance  has  not  been  applied  to  any  Treatment  of 
and  the  chief  attention  of  thofe  chemifts  who  nickel?5  ° 
examined  it  has  been  directed  to  obtain  it  in 
t.te  of  purity;  which,  however,  has  not  yet  been 
nmplifhed.    It  is  found  either  native  or  calciform  j 
hmoft  commonly  mineralized  in  combination  with 
hie,  fulphur,  cobalt,  and  iron,  in  the  ore,  called 
er  nickel,  or  falfe  copper.    This  is  of  a  reddiih 
w,  or  coppery  colour  j  of  a  texture  either  uniform, 
lar,  or  fcaly  •,  bright  in  its  fracture,  and  almoft 
ys  covered  with  a  green  efflorefcence  of  calx, 
of  the  fulphur  and  arfenic  may  be  driven  off  by 
•continued  roafting,  and  the  occafional  addition 
larcoal,  which  prevents  the  arfenic  from  being 
fed  more  fixed  by  calcination  j  and  the  green 
which  remains  may  be  fufed  by  the  ftrongeft 
of  a  fmith's  forge,  together  with  two  or  three 
i  its  weight  of  black  flux.   The  regulus  thus 

A  a  obtained 
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nickel;    obtained  is  of  a  reddifh  white  colour,  and  britf* 
— a  but  is  very  far  from  being  pure.    Repeated  ca| 
nations  for  many  hours,  and  reductions,  fcan 
deprive  the  regulus  of  iron  ;  and  it  is  ftill  hij 
magnetic,  when  purified  to  fuch  a  degree  as  to  poll 
con'fiderable  malleability.    Combination  with  fulp' 
with  liver  of  fulphur,  detonation  with  nitre, 
lblution  in  the  volatile  alkali  and  vitriolic  acid, 
not  deprive  it  of  its  magnetifm. 
Purert  regulus       When  the  regulus  *,  obtained  by  fcorification 
of  nkkei.        reduaiony  was  combined  with  fulphur,  and  redi 
agaia  after  the  diffipation  of  the  fulphur  by  fti 
heat,  and  the  addition  of  charcoal,  to  promote 
volatility  of  the  arfenical  contents;  and  this  pre 
was  three  times  repeated  ;  the  reduced  metal  wa 
infufible,  as  not  to  run  into  a  mafs  by  the  ftror 
heat  of  a  fmith's  forge,  continued  for  three  qua 
of  an  hour.    Its  colour  was  then  whitifh,  r 
ivhh  a  glittering  kind  of  red;  it  was  Itrongly 
nctical;  of  .  a  fpecific  gravity  of  8.66;  and  a 
of  one  line  in  diameter  was  extended  by  the  han 
into  a  plate  of  upwards  of  three  lines  In  di'ametei 
i  Is  >n  entire  that  it  is,  properly  fpeaking,  an  entire  metal,  anc 
mecal'  a  femi-metal.    It  afforded  a  blue  folution  witl] 

volatile  alkali;  and  in  nitrous  acid  its  folution 
of  a  full  green. 

Aftion  of  vitri-  Concentrated  vitriolic  acid  aaS  upon  the  re 
otic  acid.         of  and  corrodes  it.    The  refidue,  after  di 

tion.of  the  acid,  is  a  greyifh  powder;  part  of 
is  in  the  faline  ftate,  and  affords  green  cryft 
folution  in  water  and  evaporation. 

*  Bergman  on  Nick<L,  in  vol.  iw  t(  his  Eftys, 
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The  nitrous  folution  of  this  metal  affords  fallne  Mckii: 
:(lals.   Alkalis  precipitate  it,  and  rediffolve  the  pre-  v— — ' 
:  tate.    Nitre  detonates  with  nickel  in  the  dry  way- 
^phur  readily  combines  with  it  by  fufion,  as  does' 
•wife  arfenic ;  and  both  adhere  very  pertinacioufly 

:,  as  has  been  already  {hewn. 

Hckel  has  been  thought  to  be  a  modification  of  Whether  nickel 
.    This  conclufion  is  grounded  chiefly  on  its  mag-iiar  nwtal,P 
Tm,  and  the  confideration  of  the  very  remarkable 
different  properties  iron  is  known  to  be  capable 
tffuming,  in  its  feveral  Hates.    Others  have  fup- 
:d  it  to  be  an  alloy  of  copper  with  various  me- 
te admixtures.    The  blue  colour  it  affords  with 
tile  alkali,  is  the  chief  circumftance  which  gave 
1  to  this  opinion.    But  it  has  been  very  properly 
rrved  *,  that  many  of  the  known  metals  would 
::ely  have  endured  more  fevere  trials  than  this 
'  :ance  has  undergone,  without  mewing  indications, 
s:aft  as  ftrong,  againft  the  fuppofition  of  their 
kg  diftincl:  bodies,  as  any  afforded  by  nickel  j  and 
sequently,  that  fo  long  as  no  one  is  able  to  pro- 
;  this  metal  from  pure  iron  or  copper,  and  to 
lain  in  an  intelligible  way  the  procefs  by  which  it 
:be  generated,  we  rauft  continue  to  regard  it  as  a 
I  •.  liar  fubftance,  poffefling  diftincl;  properties.  The 
|rral  opinions  of  chemifts  concur  in  admitting  the 
1  i  of  this  reafoning. 
1 

i  *  Bergman,  li.  264. 
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CONCERNING  ARSENIC. 


ARSENIC. 

'  v  ' 

Characters. 


White  calx  of 

arfenic : 


—  is  in  a  falinc 
ftate, 


Regulus. 


A  R  S  E  N  I  C  in  the  metallic  ftate,  or  the  re 
of  arfenic,  is  of  a  bright  yellowifh  white  col 
fubje£r.  to  tarnifh,  and  grow  black,  by  expofure  to 
It  is  brittle,  and  when  broken  exhibits  a  Iamin 
texture.  In  clofe  vefTels  it  fublimes  entire  j  but  b 
with  a  fmall  flame,  if  refpirable  air  be  prefent. 

The  arfenic  met  with  in  commerce  has  the  form 
a  white  calx.  '  It  is  brought  chiefly  from  the  co' 
works  in  Saxony,  where  zaffre  is  made.  Cobalt 
contain  much  arfenic,  which  is  driven  off  by  1 
torrefa&ion.  The  ore  is  thrown  into  a  furnace  red 
bling  a  baker's  oven,  with  a  flue,  or  horizontal  ch 
ney,  nearly  two  hundred  yards  long ;  into  which 
fumes  pafs,  and  are  condenfed  into  a  greyifh  or  bl 
ifh  powder.    This  is  refined  by  a  fecond  fublimatl 
in  clofe  vefTels,  with  a-  little  pot-alh,  to  detain  the 
purities.    As  the  heat  is  confiderable,  it  melts 
fublimed  flowers  into  thofe  cryftalline  mattes  wn 
are  met  with  in  commerce. 

The  calx  of  arfenic  is  fo  far  in  the  faline  ftate, 
be  foluble  in  about  eighty  times  its  weight  of 
at  the  temperature  of  6o°,  or  in  fifteen  times  its  we 
of  boiling  water. 

The  regulus  may  be  obtained  from  this  calx,  ei 
by  quickly  fufing  it  together  with  twice  its  weig1 
foft  foap,  and  an  equaji  quantity  of  alkali,  and  pom 
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out,  when  fufed,  into  an  hot  iron  cone;  or  by  arsenic. 
xing  it  in  powder  with  oil,  and  expofing  it  in  a  { 
trafs  to  a  fand  heat.  This  procefs  is  too  offenfive 
be  made  but  in  the  open  air,  or  where  a  current  of 
carries  off  the  fumes.  The  decompofed  oil  firft 
is ;  and  the  regulus  is  afterwards  fublimed,  in  the 
m  of  a  flaky  metalline  fubftance. 

Vitriolic  acid  does  not  attack  the  regulus  of  arfenic,  Aftion  of  vitri. 
:  its  calx,  when  cold ;  but,  if  it  be  boiled  upon  ohc  *cid ; 
s  femi-metal,  vitriolic  acid  air  is  emitted,  a  fmall 
antity  of  fulphur  fublimes,  and  the  arfenic  is  re- 
ced  to  the  calciform  date.  Boiling  vitriolic  -acid 
folves  the  calx  of  arfenic ;  but  fcarcely  retains  any 
:tion  of  it  when  cold.  The  calx  of  arfenic  is  con- 
erably  lefs  volatile  when  vitriolic  acid  is  prefent,  or 

I  xed  with  it ;  but  it  is  faid  that  warning  deprives  it 

I  the  acid,  and  reftores  its  properties. 

Witrous  acid  readily  attacks  and  calcines  the  regu  of  nitrous 

of  arfenic :  it  likewife  diflblves  the  calx  of  this  *Cld : 
i  li-metal,  in  confiderable  quantity,  by  the  afliftance 
heat ;  and  affords  a  eryftallized  deliquefcent  fait 
evaporation,  which  does  not  detonate  on  red  hot 
Is.    The  calx  of  arfenic  is  acidified  by  the  action 
•  nitrous  acid  diftilled  from  it, 

Boiling  marine  acid  diflblves  the  regulus,  and  alfo  -  of  marine 

calx  of  arfenic ;  but  affefts  it  very  little  when  acia : 
d.    This  folution  affords  precipitates  upon  the  ad- 
<ion  of  alkalis. 

irhe  dephlogifticated  or  aerated  marine  acid  con- -  of  aerate 
kts  the  calx  of  arfenic  into  arfenical  acid.  acid' 
(  The  calx  of  arfenic  ads,  in  many  inftances,  like 
j  acid.    It  decompofes  nitre  by  diftillationj  the 

A  a  3  nitrous 
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arsenic,    nitrous  acid  flying  off,  and  the  arfenical  fait  of  Mac-i 
Pagev2J3      quer  remaining  behind.    In  this  procefs,  the  nitrousf 
acid  appears  to  acidify  the  calx.    Quadrangular  nitrej 

Diftillation  of    is  affected  in  the  fame  manner.    "When  the  white* 

t\tL  fulphu^"'0  calx  °^  arfenic  is  difttlled  with  fulphur,  volatile  virri-j 
plic  acid  flies  off,  and  a  combination  of  a  yellow  col 
lour,  called  orpiment,  js  produced;  which  appears  t| 
confift  of  fulphur,  united  to  regulus  of  arfenic ;  tha| 
is  to  fay,  part  pf  the  fulphur  receives  vital  air  fropl 
the  calx ;  to  which,  according  to  the  ancient  fyfteft  I 
it  communicates  phlogifton :  and  in  this  manner  th  I 
fulphur  becomes  converted  into,  vitriolic  acid ;  will 
the  arfenical  calx  is  reduced,  and  combines  with  til 
reft  of  the  fulphur.  The  combination  of  fulphur  aoj 
arfenic  which  has  been  fufed>  is,  of  a  red  colour;  an 

Orpiment  and   known  by  the  name  of  realgal,  pr  realgar.  Realg£ 

realgar.  appears  to  be  lefs  volatile  than  orpiment,  or  the  yell 

combination ;  for  it  remains  at  the  bottom,  while 
other  fublimes :  but  in  what  refpeft  they  differ  fr 
each  other  has  not  been  well  afcertained,  \t  is 
improbable  but  th&t  the  orpiment  may  contain 
calx  in  a  more  reduced  ftate  than  the  realgar, 
ftrong  heat  converts  orpiment  into  realgar. 

Liver  of  ful-       Saline  liver  of  fulphur  diffolves  the  calx  of  arfen 

1>hur"  t>ut  more  readily  attacks  the  regulus. 

Fixed  alkalis.       Watery  folutipn§  of  fixed  alkalis  diffolve  the  calxj 
arfenic ;  and,  if  they  be  loaded  with  it  by  means 
heat,  a  brown  tenacious  mafs  is  produced,  which  : 
quires  folidity,  has  a  difagreeable  fmell,  and  is  caljj 
hepar  of  arfenic.    Mineral  acids  precipitate  part 
the  arfenic  ;  but  a  portion  of  it,  being  acidified, 

hercs  more  tenacioufly  to  the  alkali.  ^The  acids  00 

f| 
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I  m  no  precipitation  from  the  folution  of  arfenic  in  the  arsenic. 
I  )iatile  alkali.    It  is  not  eafy  to  explain  what  happens  v 
I  this  cafe,  without  further  experiments.    The  folu-  Combination  ©f 
Ions  of  calx  of  arfenic  in  alkalis  differ  much  in  their  "iOi  alkalis"  C' 
I  operties  from  the  combination  which  is  produced 
i  hen  the  nitrous  falts  are  decompofed  by  its  means. 
I  his  difference  is  accounted  for  from  the  confideration 
|  at  it  is  the  cak  of  arfenic  in  the  fir  ft  cafe,  and  the 
1  .id  in  the  latter,  which  combines  with  the  alkalis. 
.  A  folution  of  the  calx  of  arfenic  acls  upon  metals  —  with  meta^f 
t  the  humid  way,  molt  probably  in  confequence  of 
s  approach  to  the  acid  ftate. 

The  acid  of  arfenic  being  applied  to  the  filings  of  A&ion  of  aife- 
ae  metals,  in  a  long-necked  flalk,  to  prevent  its  rer 
ucTiion,  acts  upon  feveral  of  the  metals  in  a  digesting  Page  213. 

.:at.    Gold  and  pJatina  are  fcareely  a6t.ed  upon.   Sil  on  gold,  pi  a* 

::r  is  not  attacked  by  digeftion ;  but  when  the  acid  ^fjyer : 
:>mes  to  be  fufed,  the  metal  is  diuolved,  and  affprds  a 
)lourlefs  glafs,  which  is  nearly  tranfparent  $  foluble 
1  water,  with  the  lofs  of  greateft  part  of  the  filver, 
l'hich  fubfides  in  the  form  of  a  brown  powder,  con- 
fining a  minute  portion  of  the  acid  j  and  reducible, 
ke  the  other  precipitates  of  filver,  by  mere  heat. 
Mercury  is  not  attacked  by  the  -arfenical  acid,  in  the  —  meraiiy. 
eat  of  digeftion  j  but  when  the  acid  and  mercury 
;:e  urged  in  a  retort,  by  an  heat  which  is  near  melting 
le  veflel,  part  of  the  mercury  combines  with  the 
eld,  and  forms  a  yellowifli  mafs  of  extremely  difficult 
ifion ;  very  fixed,  and  infolublc  in  water.  Diluted 
itrous  and  vitriolic  acids  have  fcarcely  any  eflecl:  on 
:>  but  marine  acid  readily  difiblves  it.    This  folution, 
y  evaporation  to  drynefs,  and  diftillation,  affords 

A  a  4  eorn> 
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t  arsenic.^  corrofive  fublimate,  and  the  refidue  is  arfenical  acid; 
Aftion  of  arfe-  wrience  it  follows,  that  the  mercury  in  the  arfenical 
combination  muft  have  been  perfectly  calcined.    Cop.  ( 
per  is  diffclved  by  the  arfenical  acid  in  digeftion,  and.  I 
affords  a  green  folution.    One  part  of  copper  hlingi,| 
mixed  with  two  of  dry  arfenical  acid,  affords  a  bl 
mafs  by  fufion,  at  an  elevated  degree  of  heat,  whic 
.  is  foluble  in  water  j  and  then  proves  to  be  the  fam 
combination  as  was  produced  by  digeftion.    The  wa- 
tery  folution  lets  fall  a  light  blue  powdery  matter 
confifting  of  a  combination  of  copper  with  arfenica 

—  ob iron:      acid.    Iron  likewife  is  attacked  by  this  acid  dur 

digeftion ;  and  the  whole  folution  at  laft  grows  ge 
tinous,  if  the  digeftion  be  performed  in  an  op 
veffel.    If  the  digeftion  be  performed  in  a  longj 
necked  or  clofe  veifel,  it  does  not  become  gel 
nous ;  but  will  afterwards  become  fo,  if  expofed 
the  air.    In  the  dry  way,  when  one  part  of  ir< 
filings  is  diftilled  with  four  of  acid  of  arfenic, 
mafs  makes  a  great  effervefcence  towards  the  en 
and,  when  it  becomes  dry,  it  takes  fire  upon  i« 
creafing  the  heat ;  arfenic  and  regulus  of  arfen; 
being '  fublimed,  and  a  black  friable  refiduum  bein 
left  at  the  bottom,  which  contains  but  little  acid  1 
arfenic.    In  this  procefs  it  appears  that  the  iro 
which  is  a  metal  very  much  difpofed  to  combuftic 
or  calcination,  fuddenly  deprives  the  arfenical  acj 
of  its  vital  air,  and  reduces  it  to  the  ftate  of  calx  arj 
regulus ;  at  the  fame,  time  that,  according  to  t] 
ancient  hypothefis,  phlogifton  paffes  from  the  met 

—  on lead:      to  the  acid.    Little  effect  is  produced  upon  lead  1 

digeftion  with  the  arfenical  acid  j  but  the  combinatii 
r  tab 
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place  by  fufion  in  the  dry  way,  which  affords  arsf»uc, 
ai-opake  glafs.    When  this  is  boiled  in  diftilled  ^~^7Irii 
.-,  the  lead  falls  down  in  the  form  of  a  white  nkai  acid  oa 
er,  containing  arfenical  acid,  but  which  does  not  . 
I  arfenic  by  heat,  unlefs  charcoal  be  added.  Tin, 
:ed  with  arfenical  acid,  grows  black  at  firftj 
vards  becomes  covered  with  a  white  powdery 
:  at  laft,  the  whole  mafs  becomes  gelatinous.  In 
^ry  way,  one  part  of  tin  filings,  with  two  of 
:id,  heated  in  a  retort,  took  fire  when  ignited : 
he  calx  of  regulus  of  arfenic  immediately  fub- 
,  leaving  a  limpid  folution  of  tin ;  which,  when 
1,  was  of  a  milky  colour.    This,  when  diflolved 
:illed  water,  depofited  a  white  calx,  which  con- 
very  little  acid  of  arfenic. 
|c.c  is  the  only  metallic  fubftance  which  effer-  — •  on  zinc 
when  digefled  with  the  arfenical  acid.  The 
;rows  black  j  and  the  tranfparency  of  the  acid 
::royed  by  a  quantity  of  black  powder ;  which, 
i.mination  by  burning  on  a  red  hot  iron,  proves 
■  regulus  of  arfenic.    This  precipitated  regulus 
klefends  the  zinc  from  farther  folution.  The 
ich  efcapes  during  the  effervefcence  is  inflam- 
holding  regulus  of  arfenic  in  folution,  which 
)fits  on  burning.    Either  of  the  chemical  the- 
vill  ferve  to  explain  thefe  effecls  :  for  the  zinc 
:ined  by  receiving  the  vital  air  of  the  acid ; 
it  is  fuppofed  to  give  out  phlogifton  enough  to 
the  acid  bans  to  a  regulus,  and  to  afford  the 
liable  air  which  efcapes.    Or,  in  the  other 
,  it  will  be  faid  that  the  zinc,  having  a  ftrong 
cy  to  combine  with  vital  air,  and  become  cal- 
cined, 
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arsenic,    cined,  cannot  decompofe  water  at  a  moderate  tcm 
perature,  unlefs  an  acid  be  prefent,  to  remove  di 
coating  of  calx  by  folution  as  faft  as  it  i6  fonncc 
which  mere  water  cannot  do.    This  therefore  ii^ 
firft  confequence  of  the  mutual  action  of  wate 
zinc,  and  the  acidj  namely,  vital  air  quits  the  * 
ter  to  unite  with  the  zinc,  and  inflammable  air 
off"  at  the  fame  time  that  the  acid  combines  with  | 
calx  of  zinc.    But  of  the  two  metallic  bafes, 
are  here  combined  by  the  intermedium  of  vital 
the  zinc  has  a  ftrong  tendency  to  calcination,  and 
arfenic  to  become  revived :   it  appears  theref 
from  the  fafts,  that  the  zinc,  attracting  the  vit 
molt  ftrongly,  becomes  (till  more  calcined,  and 
fequently  lefs  foluble ;  while  the  arfenic  is  rec 
by  the  lofs  of  its  vital  air.    "Whence  it  muft  foil 
that  the  metallic  zinc  which  remains,  being 
loped  with  calx  of  zinc  and  metallic  arfenic,  ca 
Jonger  be  a£ted  on  by  the  acid  and  water  whicl 
Caution  refpeft-  continue  undecompofed.    On  this,  and  fimilar 
fions,  it  cannot  however  be  too  often  repeated  t<J 
chemical  ftudeht,  that  theories  ought  to  be  caut 
followed,  as  of  ufe  in  the  arrangement  of  facial 
in  directing  the  path  to  future  investigations 
difcriminating  phenomena  ought  to  be  earneftly 
after,  becaufe  of  infinitely  more  value  than  the 
ingenious  fpeculations ;  and  that  an  attach  m« 
fy-ftem,  though  it  frequently  gives  life  and  ene- 
the  exertions  of  genius,  is  in  general  a  certain  | 
of  prejudices,  which  difable  the  enquirer  frontf 
fuing  the  fearch  after  truth,  and  fix  his  mi^dl 
words  inflead  of  things. 


jus  theories. 
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1  the  dry  way,  when  one  part  of  the  filings  of  arsenic. 
•  was  mixed  with  two  of  the  arfenical  acid,  and  ^ 


— v  
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lled,  the  mafs  took  fire,  with  a  very  bright  inflam-  meal  acid  o* 

zinc " 

ion,  as  foon  as  the  retort  became  red  hot.  The 
■I  was  burft  by  the  explofion ;  and  in  its  neck 
2  found  regulus  of  arfenic,  and  flowers  of  zinc, 
i  efFe£r,  may  be  explained  from  the  fame  confide-  Page  360, 
:>ns  as  were  applied  to  the  combuftion  which  takes 
,  in  like  circumftances,  with  iron. 

ifmuth  is  afted  upon  by  the  arfenical  acid  in — on  bifmuth; 
ftion.    Water  precipitates  a  powder  from  the 
.ion,  which  confifts  of  acid  of  arfenic,  combined 
.  calx  of  bifmuth.    In  the  dry  way,  bifmuth 
ilcined  by  this  acid,  but  not  diflblved;  a  little 
aic  being  fublimed :  and,  if  water  be  added  to 
:cooled  mafs,  the  acid  is  taken  up,  but  the  calx 
:  ins.    Regulus  of  antimony  is  affected  nearly  in —on antimony? 
Tame  manner  as  bifmuth,  in  the  humid  way; 
in  the  dry  way,  an  inflammation  takes  place  at 
:ime  of  fufion.    By  digeflion  with  cobalt,  the —on cobalt: 
of  arfenic  aflumed  a  rofe  colour ;  but  much  of 
:obalt  remained  undiflblved.    The  whole  mafs 
;  diftilled  to  drynefs,  and  fufed,  afforded  glafs  of 
)let  colour,  and  femi-tranfparent.    Nickel  com-  —  on  nickel, 
1  cates  a  green  colour  to  this  acid  by  digeftion ; 
lantity  of  green  powder,  mixed  with  arfenic,  be- 
irecipitated :  the  arfenic  may  be  feparated  by  a 
»e  heat.    In  the  dry  way,  the  acid  combines 
a  nickel,   and  forms  a  yellow  mafs,  with  grey 
I  :s  upon  it,  refembling  a  vegetation.    By  boiling 
I  ater,  the  acid  is  taken  up,  and  a  yellow  powder 
3  left 
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arsenic,  left  behind,  confifting  of  a  combination  of  nickel  as 
Action  of  Ark-  zx^en^ci  m°ft  probably  in  the  acid  ftate :  the  arfei 

nicai  acid  on  js  reduced  with  charcoal,  but  the  nickel  is  not  C< 
jnanganefe. 

of  manganefe  is  fcarcely  a&ed  upon  by  acid  of  ar 
nic ;  but,  when  the  manganefe  is  partly  or  entir 
reduced,  it  is  diflblved  in  the  humid  way ;  and  affoi 
cryftals  as  foon  as  the  acid  is  nearly  faturated.  "J 
regulus,  digefted  with  the  arfenical  acid,  beco»| 
covered  with  a  white  powder  of  arfenical  c 
When  one  part  of  the  regulus  was  mixed  with  |l 
parts  of  the  dry  acid,  and  expofed  to  diftillatjj 
the  regulus  was  fublimed  before  the  heat  was  Cm 
ciently  great  to  fufe  the  acid,  and  confequenthJI 
mutual  action  took  place ;  but  when  the  acid  jj 
'  fjrft  fufed,  and  the  regulus  added  fuccemvely  in  fll 
lumps,  inflammation  took  place,  and  calx  of  ai 
was  fublimed. 

Combinations  of  Regulus  of  arfenic  is  foluble  in  un&uous  oils, 
regulus  of  arle-       jjng  ^eat .  ^  fplution  is  black,  and  has  the 

fiftence  of  falve  when  cold  *.    Moft  metals  unite 
arfenic ;  which  moft  probably  exifts,  in  the 
line  ftate,  in  fuch  as  poiTefs  the  metallic  brillii 
The  calx,  more  or  iefs  acidised,  is  common  in  1] 
minerals. 

ufes  of  arfenic.     Arfenic  is  ufed  in  a  variety  of  arts.    It  enters 
metallic  combinations  wherein  a  white  colour 
quired.    Glafs  manufacturers  ufe  it;  but  its 


J 


*  On  arfenic  and  its  acid,  confult  Scheele's  EfTays,  p 
Bergman's  EiTays,  vol.  ii. ;  Pclleticr,  in  the  Journal  dc  Pi 
for  1782,  &c.  &c. 
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the  compofition  of  glafs  does  not  feem  to  be  arsenic. 
rly  explained.  Orpiment  and  realgar  are  ufed  as 
nents.  Some  attempts  have  been  made  to  intro- 
2  it  into  medicine ;  but,  as  it  is  known  to  be  a 
t  violent  poifon,  it  is  probable  that  the  fear  of  its 
1  effects  may  long  deprive  fociety  of  the  advantages 
.ight  afford  in  this  way. 
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COBALT. 


Chap.  xii. 


CONCERNING  COBALT. 


COBALT. 


Characters  of 
cobalt. 


Combination 
tvith  vitriolic 
acid : 


—  with  nitrous 
acid. 


O  B  A  L  T  is  a  femi-metal,  of  a  whitifli 
or  fteel  colour;  hard,  brittle;  of  a  dull,  c' 
grained  fracture,  and»  moderate  fpecific  gravity, 
rather  more  difficult  of  fufion  than  copper ;  does 
eafily  become  calcined  j  and  its  calx  is  of  fo 
a  blue  colour,  as  to  appear  black.    The  mod  reman 
able  and  moft  valuable  property  of  this  metallic  fuj 
(lance  is,  that  its  calx,  when  fufed  with  borax, 
with  alkali  and  fand,  produces  a  blue  glafs,  known 
the  name  of  fmalt.    The  attion  of  air  foon  tarnif 
it ;  but  water  has  little  or  no  effe£t  upon  it; 

Concentrated  and  boiling  vitriolic  acid,  diftill 
nearly  to  drynefs,  combines  with  this  femi-mef 
Much  vitriolic  acid  air  flies  off ;  and  the  cobalt  is 
part  calcined,  and  in  part  converted  into  a  ci 
lizable  fait,  foluble  in  water,  and  precipitable  by  1 
and  by  alkalis  in  the  form  of  a  rofe-coloured  po 
or  calx.    Diluted  vitriolic  acid  acts  upon  the  cal 
cobalt,  and  forms  the  fame  fait. 

Nitrous  acid  diflblves  cobalt  by  the  afliftanc 
a  moderate  heat.  Nitrous  air  is  difengaged  ;  an 
folution  affords  deliquefcent  cryftnls  by  evapora 
which  do  not  detonate  on  ignited  coals,  but  bor 
and  leave  a  red  calx.  Lime,  and  the  alkalis, 
cipitate  the  folution ;  and,  if  the  alkali  be  adde 
exccfs,  it  diflblves  the  precipitate. 
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he  marine  acid  has  fcarcely  any  action  on  co-  cobalt. 

ynlefs  it  be  boiling  •,  in  which  cafe  it  diflblves  a  combination  ' 
1  portion.    It  diflblves  the  calx  more  readily  ^  ^\  marilie 

which  it  forms  a  red  brown  fluid,  that  becomes- 
a  when  heated.  This  folution  affords  deliquef- 
1  cryftals  by  evaporation. 

tqua  regia  diflblves  cobalt  more  eafily  than  the  —  with  aqua 
me,  though  not  fo  readily  as  the  nitrous,  acid, 
folution  is  well  known,  as  one  of  the  molt  cele-  Sympathetic 

inlc 

:d  fympathetic  inks  afforded  by  chemiftry.    If  it 
luted  with  a  fufheient  quantity  of  water  to  pre- 
its  action  upon  paper,  and  then  ufed  to  write 
the  letters  are  invifible  as  foon  as  the  clear 
aon  has  become  dry  :  but,  if  the  paper  be  held  to 
re  for  a  fhort  time,  they  appear  of  a  fine  green 
r ;  which  again  difappears  by  removing  it,  and 
ing  it  to  cool  again.    If  the  heat  be  continued 
>ng  after  the  letters  appear,  it  will  render  them 
aanent.    This  effect  feems  to  be  analogous  to 
,\,vhich  obtains  in  the  marine  folution  :  but  none 
ce  efficient  caufes  of  change  of  colour  in  this,  or 
ther  chemical  phenomenon,  have  been  hitherto 
ined* 

te  acid  of  borax  does  not  act  immediately  on  Acid  of  bora* 
.:,  in  the  humid  way :  but  borax  itfelf,  added  to  and  cobalt' 

of  the  foregoing  folutions,  effects  a  decompo- 
1  by  double  affinity  j  the  alkali  uniting  with  the 
I  it  acid,  while  the  acid  of  borax  feizes  the  cobalt, 
orms  a  fcarcely  foluble  compound,  which  falls 

•z  acid  of  fugar  precipitates  cobalt  from  its  folu-  Acid  of  fogar. 
in  die  form  of  a  pale  rofe-coloured  powder. 

Whether 
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COBALT. 


Habitudes  of 
cobalt : 

—  with  nitre ; 


— -  with  fal  am- 
moniac : 
«—  with  fulphur; 


—-with  metallic 
fubltances. 


Native  cobalt 
and  its  ores. 


Humid  analyfis. 


Whether  alkalis  or  earths  combine  with  this  met* 
directly,  by  the  intervention  of  water,  has  not  been 
determined. 

Cobalt  does  not  act  on  neutral  falts  in  general, 
detonates  feebly  with  nitre,  when  projected  into 
red  hot  crucible,  with  twice  or  thrice  its  weight 
that  fait.    The  metal  becomes  calcined  by  the  a&ioi 
ef  the  nitre ;  but  the  changes  in  both  fubftances  1 
quire  farther  examination. 

Sal  ammoniac  is  not  decompofed  by  cobalt. 

Sulphur  does  not  unite  with  cobalt,  but  with  dlf 
culty.    Liver  of  fulphur  combines  more  readily 
it.    The  action  of  phofphorus,  or  its  acid,  on 
fubftance,  remains  to  be  afcertained. 

This  femi-metal  unites  by  fufion  with  mofl  of 
metals  and  femi-metals,  as  has  before  been  noti 
Silver,  lead,  and  bifmuth,  do  not  mix  with  it; 
zinc  does  not  but  with  great  difficulty. 

Cobalt  is  found  native  in  alloy  with  arfenic  and  i 
and  of  a  fteel-grained  appearance  when  broken  ; 
a  calciform  date,  of  a  black  colour,  either  pulvi 
lent  or  indurated :  or  combined  with  arfenical  acid 
the  flowers  of  cobalt,  of  a  red  colour;  or,  laftly,  un 
to  fulphur  and  iron,  with  or  without  arfenic,  of 
rious  fliades  of  rednefs.    Bifmuth,  nickel,  and  o 
fubftances,  are  contained  in  thefe  ores.  They 
in  general  be  diftinguifhed  by  folution  in  aqua  rej 
with  which,  after  dilution  with  water,  they  for: 
fympathetic  ink  above  defcribed. 

The  native  cobalt,  and  its  calciform  or  ful 
reous  ores,  may  be  examined  by  folution  in 
regia,  and  evaporation  to  drynefs ;  after  which 

calc 
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ined  cobalt  may  be  diflblved  by  vinegar.    "When  cobalt. 
calx  is  precipitated  by  mild  mineral  alkali,  the  HumiJ^naivfis 
alus  may  be  accounted  for,  by  allowing  one  hun-  of  coba5t  oies. 
i  grains  for  every  hundred  and  fixty  grains  of 
;ipitate.    The  other  component  parts  of  the  refi- 
1 ,  not  taken  up  by  the  vinegar,  may  be  afcertained 
bhe  methods  defcribed  in  the  preceding  chapters, 
red  arfenical  cobalt  ore,  which  contains  arfenical 
,  may  be  decompofed  by.  vitriolic  acid  ;  and  the 
ngaged  arfenical  acid  will  be  taken  up  by  highly-' 
fied  fpirit  of  wine ;  after  which,  the  combination 
itriolic  acid  and  cobalt  may  be  diflblved  in  water, 
precipitated  by  mild  alkali :  or  the  ore  itfelf  may 
iflblvcd  in  water,  (harpened  by  an  acid ;  and  the 
be  then  precipitated  by  the  alkali. 

the  dry  way,  the  ores  of  cobalt,  after  previous  Analyfis  in  the 
iding,  warning,  and  roafting,  may  be  fufed  with  dry  way" 
;  times  their  weight,  of  black  flux,  in  a  lined 
ccovered  crucible,  by  the  heat  of  a  fmith's  forge, 
tinging  power  of  cobalt  ores  may  be  allayed  by 
h  with  three  parts  of  fixed  alkali,  and  frve  of 
iered  Hint,  or  glafs.    The  alkali  mult  be  put  firft 
the  crucible ;  next,  the  flint ;  and,  above  all, 
roafted  ore.    When  cobalt  ores,  containing  bif- 
h  are  reduced,  this  femi-metal  ufually  occupies 
dower  part  of  the  crucible,  and  may  be  fepa- 
from  it  by  a  blow  with  a  hammer ;  or  at 
by  eliquation,  or   melting,  on  account  of  its 
er  fufibility.  - 

Walt  is  found  in  fcveral  parts  of  Europe,  but  Cobnlt  found 
plentifully  in  Saxony.    The  ore  is  ufually  broken  jtJ£^% 

B  b  into 
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cobalt,     into  pieces  about  the  fize  of  a  hen's  egg,  and  th 

Manufadhlrc^f  ^ony  Parts  Picked  out-  The  Ported  mineral  is  the 
zaffre  and  fmalt.  pounded  in  mills,  and  fifted  through  wire  fieves.  B 

warning  in  water,  the  lighter  parts  are  carried  off 

and  the  remainder  is  calcined  in  a  furnace  refemblin 

an  oven,  wherein  it  is  heated  by  the  action  of 

reverberated  flame  of  wood  which  plays  upon  it. 

this  fituation,  it  is  occafionally  ftirred  with  long  ? 

rakes  5  and  emits  fumes,  confiding  chiefly  of  arfcr 

which  is  collected  in  a  long  horizontal  chimney, 

for  that  purpofe.    If  the  ore  contain  bifmuth, 

fufible  femi-metal  is  collected  at  the  bottom  of 

furnace.    The  cobalt,  after  a  fufficient  torrefacti 

remains  in  the  form  of  a  dark  grey  calx,  call 

zaffre.     The   zaffre  of  commerce  always  con 

twice  or  thrice  its  weight  of  powdered  flints. 

flint  is  pulverized,  for  this  and  other  purpofes, 

means  of  previous  ignition,  and  quenching  in  | 

which  renders  it  friable.    Smalt  is  a  blue  glafs,  c 

pofed  of  one  part  of  the  calcined  cobalt,  fufed 

two  of  the  flint  powder,  and  one  of  potafh. 

der  blue,  or  azure,  is  obtained  by  grinding  fmal 

mills,  and  afterwards  warning  it  in  water.  This 

operation  is  performed  in  a  calk  filled  with 

ter,  and  pierced  with  three,  openings  at  di 

heights.    The  water  of  the  uppermoft  cock  c 

out  the  fined  blue,  which  they  call  azure  of  the 

fire.    The  larger  particles  fall  more  fpecdily, 

the  azure  brought  out  by  the  water  of  the 

cocks  forms  the  different  degrees  of  finenefs  kn 

under  the  names  of  azure  of  the  firft,  fecond, 

third  fires. 
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The  ufe  of  this  metallic  fubftance  is  confined  cobalt. 
<=fly  to  the  production  of  the  blue  glafs  for  ena-  ufes  (/cobalt' 
s,  and  other  purpofes.    Powder  and  ftone  blue, 
1  by  laundrefles,  is  a  preparation  made  by  the1 
tch  from  the  coarfe  fmalt. 
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CHAP.  XIII. 


CONCERNING  ZINC. 


ZINC. 
V  v  

Charafters  of 
zinc. 


r7  INC  is  a  femi-metal,  of  a  blueifh  white  col 
Somewhat  brighter  than  lead ;  of  confider 
hardnefs  j  and  fo  malleable,  as  not  to  be  broken 
the  hammer,  though  it  cannot  be  much  extended 
this  way.    It  is'  very  eafily  extended  by  the  rollers 
the  flatting  mill.    When  broken  by  bending,  its 
ture  appears  as  if  compofed  of  cubical  grains, 
account  of  its  imperfect  malleability,  it  is  difficult 
reduce  it  into  fmall  parts  by  filing  or  hamme- 
but  it  may  be  granulated,  like  the  malleable  met 
by  pouring  it,  when  fufed,  into  cold  water ;  or, 
be  heated  nearly  to  melting,  it  is  then  fufEci: 
brittle  to  be  pulverized.    It  melts  long  before  i 
tion,  at  about  the  700th  degree  of  Fahrenheit's 
mometer ;  and,  foon  after  it  becomes  red  hot,  it  b 
with  a  dazzling  white  flame,  of  a  blueifh  or  yello 
tinge,  and  is  calcined  with  fuch  rapidity,  that  it 
up  in  the  form  of  white  flowers,  called  the  flower 
zinc,  or  philosophical  wool.    Thefe  are  generate 
plentifully,  that  the  accefs  of  air  is  foon  intercep 
and  the  combuftion  ceafes,  unlefs  the  matter  be  fti 
and  a  confidcrable  heat  kept  up.    The  white  cal 
zinc  is  not  volatile,  but  is  driven  up  merely  b 
force  of  the  combuftion.    When  it  is  again  urge 
a  ftrong  heat,  it  becomes  converted  into  a  clear  ye 
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fs.    If  zinc  be  heated  in  clofed  veffels,  it  rifes  zinc. 
bout  decompofition.    Zinc  appears  to  be  the  molt  '  v 
itile  of  metallic  fubftances,  except  the  regulus  of 
:iic. 

?he  diluted  vitriolic  acid  diffolves  zinc  ;   at  the  Solution  of  zh-.c 
.         .  ....  .    .      in  vitriolic  acid. 

ce  time  that  the  temperature  or  the  lolvent  is  m- 
ifed,  and  much  inflammable  air  efcapes :  an  un- 
olved  refidue  is  left,  which  confifts  of  plumbago. 
:  theories  of  this  folution,  and  the  difengagement 
nflammable  air,  are  perfectly  fimilar  to  thofe  which 
e  been  before  explained  in  the  chapter  on  iron.    Pase  296* 
the  combination  of  the  vitriolic  acid  and  the  calx 
ceeds,  the  temperature  diminifhes  ;  and  the  vitriol 
?inc,  which  is  more  foluble  in  hot  than  cold  water, 
ins  to  feparate,  and  diflurb  the  tranfparence  of  the 
1.    If  more  water  be  added,  the  fait  may  be  ob- 
ed  in   fine  prifmatic  four-fided  cry  dais.  The 
te  vitriol,  or  copperas,  ufually  fold,  is  cryftallized  White  vitriol, 
ily,  in  the  fame  manner  as  loaf  fugar,  which,  on 
account,  it  refembles  in  appearance :  it  is  flightly 
refcent.    The  white  calx  of  zinc  is  foluble  in  the 
olic  acid,  and  forms  the  fame  fait  as  is  afforded 
inc  itfelf. 

diluted  nitrous  acid  combines,  rapidly  with  zinc,  Solution  of  zinc 
-produces  much  heat,  at  the  fame  time  that  a  large  W  nltrous  acld  * 
itity  of  nitrous  air  flies  off.    The  folution  is  very 
tic,  and  affords  cryflals  by  evaporation  and  cool- 
which  flightly  detonate  upon  hot  coals,  and  leave 
<x  behind.    This  fait  is  deliquefcent. 

.anne  acid  a£ls  very  flrongly  upon  zinc,  and  dif — in  marine 
:ges  much  inflammable  air;  the  folution,  when      '  . 
rotated,  does  not  afford  cryflals. 

B  15  -?  Water 
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zinc.         Water  impregnated  with  fixed  air  difiblves  a  con 
*"      v      '  fiderable  proportion  of  zinc.    The  other  acids  hare* 
not  been  tried. 

Habitudes  of        Zinc  is  precipitated   from  acids,  by  the  folubl 
zinc  ■ 

earths,  and  the  alkalis  :  the  latter  rediflblve  the  preci 
pitate,  if  they  be  added  in  excefs. 
—^vith  vitriolic     Zinc  decompofes,  or  alters,  the  vitriolic  neutral 

in  the  dry  way.  "When  fufed  with  vitriolated  tartar, 
converts  that  fait  into  liver  of  fulphur;  the  zinc  at4 
fame  time  being  calcined,  and  partly  difTolved  in  tfl 
hepar.  In  this  operation,  the  vital  air  of  the  adD 
combines  with  the  zinc,  and  calcines  it ;  at  the  fail 
time  that,  according  to  the  ancient  theory,  the  pi 
gifton  of  the  metal  combines  with  the  acid  bafe, 
converts  it  into  fulphur.  In  the  new  theory, 
tranfition  of  phiogifton  is  confidered  as  hypothe 
and  unnecefl'ary :  becaufe,  the  metal  and  the  fulp 
being  taken  to  be  fimple  fubftances,  the  vitriolic 
becomes  fulphur,  merely  by  the  lofs  of  its  vital 
and  the  zinc  becomes  calcined,  merely  by  the  ac 
fition  of  the  fame  fubftance. 

—  with  nitre:      When  pulverized  zinc  is  added  to  fufed  nitre 

projected  together  with  that  fait  into  a  red  hot 
cible,  a  very  violent  detonation  takes  place  ;  inforrj 
that  it  is  neceflary  for  the  operator  to  be  carefi 
ufing  only  fmall  quantities,  left:  the  burning  m 
Ihould  be  thrown  about.    The  zinc  is  calcined  j 
part  of  the  calx  combines  with  the  alkali,  with 
it  forms  a  compound,  foluble  in  water. 

—  with  common     Zinc  decompofes  common  fait,  and  alfo  fal  a 
nh»c'*  fa!.d  Tluir"  niacJ      combining  with  the  marine  acid.  The 

of  zinc  likewife  decompefe  alum,  when  boiled] 

fol 
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iution  of  that  fait,  probably  by  combining  with  its  zinc. 
cefs  of  acid. 

Sulphur,  though  its  a£Uon  is  almoft  general  on  me-  Habitudes  of  zinc 

.    -  ,  r>  ,  i  •  •  i  mi  •   witn  fulphur : 

\\\c  fubftances,  does  not  combine  with  zinc.     I  his 

operty  affords  a  ready  means  of  purifying  the  femi- 

etal,  by  proje&ing  fulphur  upon  it,  when  melted  in 

mallow  crucible.    It  has  been  a  Subject  of  remark, 

long  chemifts,  that  many  of  the  zinc  ores  confift 

this  femi-metal  combined  with  iulphur,  though  art 
is  not  yet  difcovered  the  means  of  effecting  the  fame 
>mbination.  But  the  difficulty  is  removed  by  the 
>nfi  deration,  that  the  fulphur  does  not  unite  with 
nc  itfelf,  yet  it  readily  does  with  its  calx,  and  form3 
•  compound  fimilar  to  the  zinc  ores,  called  blendes; 

which,  for  that  reafon,  the  zinc  may  be  prefumed 

exift  in  the  calciform  ftate. 

Liver  of  fulphur  does  not  combine  with  zinc,  either  —  with  liver  of 
the  humid  or  dry  way.  fulphur . 

Molt  of  the  metallic  combinations  of  zinc  have —with  metals, 
een  already  treated  of.    It  forms  a  brittle  compound 
•;.th  antimony ;  and  its  effects  on  manganefe,  wol- 
i«n,  and  molybdena,  have  not  yet  been  ascertained. 
Native  zinc  has  been  very  feldom  found.    The  Native  zinc  and 
ilciform  ores   of  zinc   are   the   zinc  fpar,  of  a 
hitiih  grey  colour,  refembling  a  lead  fpar ;  and  the 
lpure  calx  called  calamine,  which  is  of  a  white, 
;  ey,  yellow,  brown,  or  red  colour,  containing  iron, 
ay,  calcareous  and  other  earths,  and  lead.  The 
ere  called  blende,  mock  lead,  or  black  jack,  confift  s 
zinc  mineralized  with  fulphur  and  iron  :  of  this 
uere  are  feveral  varieties.    They  are  in  general  of 
plated  texture;  and  frequently  of  a  quadrangular 

B  b  4  form, 


its  ores. 
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zinc.       form,  like  galena,  or  potters'  lead  ore,  though  they 
*       v       -  are  confiderably  lefs  heavy.   Thefe  ores  are  found 
in  various  parts  of  Europe  j  and,  in  conftderable 
plenty,  in  the  mine  counties  of  England. 
Humid  analyfis      Native  zinc  may  be  allayed,  in  the  humid  way,  by 
ores.  tne  mineral  acids.    When  it  is  diflblved  in  thefe,  if 

there  be  any  other  metal  prefent,  it  may  be  precipi- 
tated by  the  addition  of  a  known  quantity  of  zinc. 
The  weight  of  calx  of  zinc  precipitated  by  milji 
alkali  from  its  vitriolic  folution,  will  amount  to  19& 
grains  for  every  100  of  the  metal  it  reprefents.  The 
fulphureous  zinc  ores  muft  be  carefully  treated  witi 
nitrous  acid ;  which  will  diflblve  the  zinc,  and  leave 
the  fulphur.    Extraneous  metals  may  be  precipitated 
and  the  quantity  of  zinc  afcertained,  as  before. 
Efliy  of  cala-       The  effay  of  calamines  is  fometimes  made  by  pound 
ing  and  mixing  them  with  charcoal,  and  then  heat 
ing  them  in  a  crucible  covered  with  a  copper  plate 
The  reduced  zinc  rifes,  and  converts  the  copper  int< 
brafs ;    and,  in  this  way,  fome  judgment  may  b* 
formed  of  its  value  in  the  operation  of  brafs-making 
Mod  of  the  zinc,  whether  in  the  metallic  ftate,  or  in 
the  form  of  an  impure  calx,  called  cadmia  fornacur 
is  obtained  in  the  roafting  of  various  kinds  of  ore! 
at  RameHburg.    For  this  purpofe,  the  anterior  pal 
of  the  furnace  is  kept  cold  by  wetting  it :  by  whk 
means  the  volatilized  zinc  is  condenfed,  and  faUl 
into  a  cavity,  containing  charcoal  dull;,  which  defend 
it  from  calcination.  ( 
Diftillation  of       The  procefs  for  obtaining  zinc  from  its  ores  b; 

d'nlillation,  which  is  pracliled  in  England,  and  fail 
to  have  originally  been  derived  from  the  Chinefe,  1 

performe< 


zinc 
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ormed  in  a  furnace,  in  the  form  of  a  circular  zinc. 

i :  in  which  are  placed  fix  pots,  each  about  four  "7 
'  r  r     »  Dithllatton  of 

in  height,  and  of  a  conical  fhape,  refembling  an  zinc, 
jar.    Into  the  bottom  of  each  pot  an  iron  tube- 
;  ferted,  which  paries  through  the  floor  of  the 
lace  into  a  vefTel  of  water.    Thefe  pots  are  filled 
a  mixture  of  calamine  and  charcoal ;  and  their 
iths  are  then  clofe  flopped  with  clay.    The  fire 
then  properly  applied,  the  metallic  vapour  of 
alamine  ilTues  through  the  iron  tube,  which  is 
nly  place  where  it  can  efcape.    In  this  way  it  is 
enfed  in  fmall  particles  in  the  water    which  are 
wards  melted  into  ingots  for  fale,  under  the  name 
Delter  *.    The  fubftance  fold  in  London  by  the  Spelter. 
:  of  fpelter,  is  a  kind  of  foft  brafs,  in  a  granu- 
form,  which  is  ufed  by  the  braziers  and  others 
ldefing. 

e  chief  purpofe  to  which  zinc  is  applied  confifts  Ufe  of  sine 
re  fabrication  of  brafs,  and  other  gold-coloured  a§C 
i  ires.    Its  calces  and  falts  have  been  occafionally 
i  >yed  in  medicine. 

*  Watfon's  Chemical  Eflavs,  vol.  iv. 
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CONCERNING  ANTIMONY. 


ANTIMONY. 


Characters  of 
antimony. 


Action  of  vitrio- 
lic acid  on  anti. 
mony. 


Nitrous  acid. 


T~>  E  G  U  L  U  S  of  antimony  is  of  a  filvery  vhij 
*•  ,  colour;  very  brittle,  and  of  a  plated  or  fed 
texture.    Its  fpecific  gravity  is  moderate.    Soon  aft 
ignition  it  melts ;  and,  by  a  continuance  of  the  he 
it  becomes  calcined,  and  rifes  in  white  fumes,  whi 
may  afterwards  be  volatilized  a  fecond  time,  or  full 
into  a  hyacinthine  glafs,  according  to  the  manai 
ment  of  the  heat :  they  are  called  argentine  flowi 
regulus  of  antimony.    In  clofed  vefTels,  the  re 
rifes  totally  without   decompoiition.    This  me 
fubftance  is  not  fubjeft  to  ruft  by  expofure  to 
though  its  furface  becomes  tarnifhed  by  that  me 
Its  calces  are  foluble  in  water ;  and,  in  that  ref] 
refemble  the  calx  of  arfenic,  probably  by  an  appr 
towards  the  acid  ftate. 

Vitriolic  acid,  boiled  upon  the  regulus  of  antim 
calcines  the  greater  partx  fo  as  to  render  it 
ble;  the  acid  being  at  the  fame  time  decom 
Much  vitriolic  acid  air  efcapes  ;  and,  towards  the 
a  fmall  quantity  of  fulphur  is  fublimed.    By  wa 
the  refidue  in  water,  a  vitriolic  fait  of  antimo 
feparated  from  the  calx,  which  does  not  cryftalliz 

Nitrous  acid  very  readily  attacks  antimony  i 
cold.  Moft  part  of  the  metal  is  calcined  by 
action  ;  but  a  portion  is  diflblved,  and  affords 
quefcent  cryftals,  decompofible  by  heat.  The 
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antimony  formed  by  this  acid,  is  very  white,  and  antimony. 
cult  of  reduction.  v"— 
Continued  digeftion  is  required  for  the  folution  of  Solution  of  an- 

.'•        .      1  •  -j       *  r  j     timony  in  ma- 

ilus  of  antimony  in  the  marine  acid.  A  confide-  rinc  acid . 
e  quantity  is  however  at  length  diffolved ;  which 
rds  very  deliquefcent  cryflals.  This  fait  melts  by 
application  of  heat ;  and  is  decompofed  by  diftilled 
:er,  in  the  fame  manner  as  the  butter  of  antimony, 
n  which  it  does  not  much  differ. 

)ephlogifticated,  or  aerated  marine  acid  diffolves  —  in  dephlogif- 

\ff  r  .  r    ....     '  ticated  or  aerated 

regulus  of  antimony  with  great  facility.  marine  acid : 

Iqua  regia,  compofed  of  feven  parts  nitrous,  and  —  in  aqua  regia, 
marine  acid,  diffolves  it  very  readily    but  lets 

i  a  portion  of  white  calx  as  it  cools.  The  folvent 
ver  of  either  of  the  three  ancient  mineral  acids  on 

femi-metal,  appears  to  be  increafed  by  mixture  ' 

ii  any  one  of  the  others. 

;.arthy  fubftances  do  not  adl:  on  the  regulus  of  anti-  Habitude  of  re- 

.  ■     ,  x         i     i  gulus  of  antimo- 

l  iy  m  the  dry  way.    Its  calx,  however,  enters  rea-  ny       CiIlh5  • 
into  the  compofition  of  glafs  ;  to  which  it  imparts 
>.e  or  lefs  of  an  hyacinthine  colour.    When  fufed  —  with  vitrio- 

.  .  .  ...  lated  tartar. 

•i  vitriolated  tartar,  it  converts  it  partly  into  hepar, 

liver  of  fulphur;  which  diffolves  a  portion  of  the 

:  of  antimony :  that  is  to  fay,  the  vital  air  of  the 

I  calcines  the  regulus  of  antimony,  while  part  of 

;  acid  becomes  converted  into  fulphur;  either  fimply 

ihe  lofs  of  its  vital  air,  or  elfe  by  that  lofs,  together 

.h  the  acquifition  of  phlogifton  from  the  regulus. 

Ritre  detonates  very  readily  with  the  regulus  of  Defoliation  with 

imony :  when  equal  parts  of  thefe  fubftances  are"11'*' 

<je£ted  into  a  red  hot  crucible,  the  refidue  of  calx 

I  alkali  is  known  by  the  name  of  diaphoretic  anti- 

7  mony. 
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Butter  of  anti 
mony. 

Theory. 


antimony,  mony.  When  the  faline  part  is  warned  out  by  h<jfl 
v  '  water,  the  refidue  is  called  warned  diaphoretic  anti-| 
mony.  The  water  ufed  in  the  warning  contains  a| 
portion  of  the  calx,  fufpcnded  by  the  alkali.  Thisj 
may  be  precipitated  by  the  addition  of  an  acid,  agd 
has  been  diftinguifhcd  by  the  name  of  cerufe  of  anti 
mony. 

Diftiihtion  of       "When  regulus  of  antimony  is  pulverized,  and  ace 

regulus  of  anti-         .        .....  .      .  .  .  r 

mony  with  cor-  rately  mixed  with  about  twice  its  weight  ot  corro 
rolive  fublimate.  fubHmate,  a  mutual  adion  takes  place  with  the 
du£lion  of  heat  3  and,  if  the  mixture  be  diftilled 
a  gentle  fire,  a  thick  fluid  comes  over,  which  c 
geals  in  the  receiver,  or  in  the  neck  of  the  ret 
and  is  called  butter  of  antimony.    The  refidue 
fifts  of  revived  mercury,  and  fome  regulus  and 
of  antimony.    In  this  experiment,  the  dephlogi 
cated  marine  acid  combines  with  the  antimony,  whi 
the  mercury  is  revived ;  as  may  be  eafily  explained] 
either  of  the  two  theories  of  chemiftry.    If  the  cf£ 
bination  of  regulus  of  antimony  and  fulphur  be  uf 
inftead  of  the  regulus  itfelf,  the  mercury  will  be  0 
tained  in  the  form  of  cinnabar,  at  a  much  great 
heat  than  is  required  to  fublime  the  butter  of  an 
mony. 

"When  butter  of  antimony  is  thrown  into  pure 
ter,  an  abundant  white  precipitate,  or  calx,  falls  do- 
which  is  a  violent  emetic,  and  is  known  by  the  na 
of  powder  of  algaroth. 
Bezoar  mineral.     Nitrous  acid  diffblves  the  butter  of  antimony.  T 
folution,  which  does  not  appear  to  differ  greatly  fr 
the  folution  of  the  regulus  in  aqua  regia,  foon 
pofits  a  portion  of  calx.    When  an  equal  weight 

nitr 


Powder  of 
roth. 
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ous  acid  has  been  three  times  diftilled  to  drynefs  antimony. 
n  butter  of  antimony,  the  refidue,  after  ignition,  V v 
ailed  bezoar  mineral  •,  and  feems  to  be  little  more 
i  a  calx  of  the  metal. 

ulphur  combines  very  readily  with  the  regulus  of  Combirration  of 
imony,  and  forms  a  fubftance  differing  in  no  re-  ^yWithfS.' 
t  from  the  mineral,  or  ore,  to  which  the  name  of  Phur: 
mony  is  exclusively  appropriated.    One  part  of 
ihur  completely  mineralizes  four  of  the  regulus. 
iver  of  fulphur  difTolves  the  regulus  of  antimony,  —  w;th  liver  of 
affords  an  orange-coloured  precipitate  upon  the  1"ulPhur* 
tion  of  an  acid. 

.ntimony,  or  the  regulus  combined  with  fulphur,  Crude  anti- 
a  favourite  object  of  refearch  in  the  experiments  mony ' 
ihe  alchemifts  ;  in  confequence  of  which,  its  pro-? 
es  are  much  better  known  than  thofe  of  the  pure 
lus.    If  this  fubftance  be  heated,  it  melts,  and —its  habitudes; 
nfiderable  portion  of  the  fulphur  flies  off,  at  the 
time  that  the  regulus  becomes  calcined,  and 
in  white  vapours.    A  gentler  heat,  lefs  than  is  by  heat: 
aTary  to  fufe  it,  converts  it  into  a  grey  calx : 
calx  contains  a  portion  of  fulphur^  If  it  be 
dby  a  ftronger  heat,  it  melts  into  the  form  of 
which  is  more  or  lefs  tranfparent,  according 
ae  degree  of  calcination  of  the  metal,  and  the 
•■ation  of  the  fulphur.    When  it  contains  much 
uur,  the  glafs  is  fufible,  opake,  and  of  a  dark 
colour ;  whence  it  has  been  called  liver  of  anti-  * 
/. 

hen  acids  are  applied  to  crude  antimony,  they  —  with  acid».' 
ve  the  regulus,  and  leave  the  fulphur."  The 
(18  acid  is  belt  adapted  to  this  folution. 

Diapho- 
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antimony.     Diaphoretic  antimony  is  moft  commonly  and 
Diaphor^iT^-  va»tageoufly  prepared  by  detonating  the  crude  an 
timony.  mony  with  nitre  inftead  of  the  regulus :  the  on 

difference  being,  that  more  nitre  is  required  for  $ 
detonation ;  and  that  the  refidue  contains  vitriolajf 
tartar,  as  well  as  alkali  and  calx. 
Antimonial  me-  There  are  feveral  preparations,  confiding  of  c 
nations  of  antimony  with  an  alkali,  in  which  the 
portions  of  the  ingredients,  and  the  ftate  of  the  call 
are  very  different,  according  to  the  nature  and  pM 
nagement  of  the  procefTes.  Many  of  thefe  have  hat 
highly  praifed  in  medicine  j  at  the  fame  time  that  tlji- 
have  been  as  ftrongly  exclaimed  againft  for  their  la 
effects.  Both  thefe  aflertions  appear  to  have  b 
well  founded.  It  is  fufficiently  proved  that  an 
nial  medicines  have  produced  the  happieft  cffc 
and  are  juftly  entitled  to  be  confidered  as  very  poi 
ful  remedies ;  but,  on  the  other  hand,  it  is  equ 
certain,  that  their  great  efficacy  muft  have  req 
greater  attention,  in  their  firft  exhibition,  than 
haps  may  have  been  paid ;  and  the  complicated  n 
of  many  of  the  procefTes  muft  have  rendered  it 
difficult  to  produce  fubftances  pofTeffing  exactly 
fame  properties,  or  proportion  of  component  p 
at  all  times. 


Ketmes  mine-      If  antimony  be  treated  with  a  fixed  alkali,  cither 
fufion  and  fubfequent  folution  in  boiling  water,  of 


to 


fimple  ebullition,  a' precipitate  is  afforded  by  coo 
which  is  called  kermes  mineral,  formerly  ufed  in 
dicine.  It  is  thought  to  confift  of  the  calx  of  antim 
in  combination  with  a  portion  of  fulphur-,  bu 
component  parts  have  not  been  accurately  dctermil  s 
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its  properties  differ  according  to  the  various  me-  antimony. 
Is  ufed  in  preparing  it.  *       H  * 

'he  antimonial  preparations  moft  commonly  ufed  Antimonial  me, 

r  .  dicine6. 

orefent  are,  antimonial  wine,  and  emetic  tartar, 
fe,  like  every  other  preparation  of  this  femi-metal, 
prepared  in  a  variety  of  ways.    The  wine  may  Emetic  wine, 
uad  by  infufing  pulverized  glafs  of  antimony  in 
1  iifh  white  wine  for  fome  days,  and  then  filtering 
\  clear  fluid  through  paper.    A  very  minute  por- 
of  the  calx  is  taken  up  •,  and  this  is  greater  or 
according  as  the  wine  is  more  or  lefs  acid ;  and 
laps,  according  to  the  temperature  of  the  weather 
ae  time  of  adminiftering  it.    On  this  account,  it 
3und  neceffary  to  give  this  medicine  cautioufly, 
by  fm2ll  portions  at  a  time,  when  it  is  intended 
it  mall  act  as  an  emetic.    The  emetic  or  anti-  Antimoniated 
iated  tartar  of  the  London  College  is  thus  pre- 
i  : — ^Take  of  crude  antimony  and  nitre  equal 
. ,  feparately  reduced  to  powder ;  mix  them,  and 
X  them  into  a  crucible  heated  to  whitenefs,  that 
.mixture  may  rnelt  after  deflagration;  pour  it 
and  referve  the  yellow  mafs  beneath  the  fco- 
under  the  name  of  crocus  of  anti-mony ;  reduce 
I  to  a  very  fubtile  powder ;  boil  it  in  water,  and 
the  powder  repeatedly  in  warm  water,  till  it 
es  perfectly  infipid  :  then  take  equal  parts,  by 
ht,  of  the  warned  crocus  of  antimony  and  of  cryf- 
of  tartar,  and  boil  them  together,  in  three  pints 
ftrater  for  every  pound  of  the  mixture,  during  half 
our  :  filter  the  liquor;  and,  after  due  evaporation, 
t  by  to  cryftallize. — This  is  the  antimoniatecf 
r.    It  is  a  triple  fait,  confifting  of  the  acid  of 

tartar, 


/ 
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MedicaJ  effedb 
of  antimony. 


antimony,  tartar,  united  to  vegetable  alkali,  and  antimony 

"  tially  calcined ;  and  is  confidered  as  a  fafc  medicin 
whofe  properties  and  effects  are  more  conflant,  an 
milder,  than  moft  other  antimonial  remedies. 

It  has  not  been  clearly  determined  on  what  cir; 
fiances  the  medical  effects  of  antimony  depend, 
faline  preparations  of'  mercury,  and  other  mM 
are  fuppofed  to  derive  their  caufticity  from 
tendency  to  become  reduced  to  the  metallic  (late 
confequence  of  which,  they  corrode  and  decora 
other  combuftible  fubftances :  but  whether  this 
the  cafe  with  antimony,  is  dofibtful.    It  appears 
ceffary,  however,  that  antimony  mould  be  in  the  fi- 
liate, in  order  that  it  may  a£l  upon  the  animal  fyff 
When  the  regulus  is  made  into  thofe  fmall  balls 
pills,  which,  on  account  of  the  little  change  they 
dergo  in  palling  through  the  human  body,  have 
Perpetual  pills,  called  pei"petual  pills,  its  purgative  a£tion  is  mo 
lefs  violent,  according  to  the  quantity  of  acid  it  m 
with;  and,  in  the  preparations  of  this  femi-metal, 
effects  feem  likewife  to  be  governed  by  the  fame 
cumftance  joined  to  their  refpective  degrees  of 
bility.    The  nearly  pure  and  infoluble  calx,  prodi 
by  detonation  with  a  large  proportion  of  nitr 
a! moil  ineffectual ;  whereas  the  more  folnble  calc 
combinations  are  more  or  lefs  active,  accordin 
their  refpeclive  nature.    Hence  it  appears  to  fo 
that  the  fimpleft  faline  combinations  are  the 
likely  to  produce  effects  conftantly  fimilar ;  and 
moft  of  the  calces  and  combinations,  fo  highl 
tolled  in  the  earlier  age  of  chemiftry,  are  atte 
with  dangerous  uncertainty  in  their  operation. 

Anti 
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\ntimony  combines  with  mod  other  metallic  fub-  antimony. 
.ices,  and  produces  mixtures  'whofe  properties  have  *  v  ' 
n  attended  to  under  their  refpe&ive  titles. 

ilntimony  is  found  either  native,  in  mafles  of  the  Native  antimony 

;  .,i  .and  its  regulus. 

jlus,  compofed  of  fliining  irregular  plates  ;  or  cal- 
:rm,  in  white  cryftallized  filaments;  or  combined 
ti  fulphur,  in  the  dark  blueifh  or  grey  friable 
eral,  called  antimony,  confifting  moft  commonly 
iriliant  filaments  difpofed  parallel  to  each  other ; 
laftly,  combined  with  fulphur  and  arfenic,  in  an 
which  greatly  refembles  the  foregoing,  except  that 
.  of  a  red  or  reddifh  colour. 

Tative  regulus  of  antimony,  or  its  calx,  may  be  Humid  analyfis. 
fed  by  nitrous  acid,  which  diflblves  whatever  arfe- 
i  it  may  contain,  and  only  calcines  the  antimony. 

fulphureous  antimonial  ores  are  moft  conveniently 
\yfed  by  aqua  regia,  which  takes  up  the  calx,  and 
res  the  fulphur,  which  may  be  feparated  by  filtra- 
The  remaining  iolvent  may  be  examined  with 
i  ufual  precipitants.  tn  the  dry  way,  antimony  is  Dry  way. 
rated  from  its  (tony  parts  by  fufion  in  a  moderate 
,  nearly  in  the  fame  manner  as  bifmuth  ;  and  may  page  35a. 
reduced,  by  flowly  roafting  it,  till  it  becomes  con- 
>ed  into  a  grey  calx,  which  may  be  brifkly  fufed 

twice  its  weight  of  black  flux.  ' 
rntimony  and  its  regulus  are  chiefly  ufed  in  me-  Ufes, 
le,  2nd  in  fome  metallic  alloys,  fuch  as  that  ufed 
printers  types,  fmall  Ihot,  &ci 
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CHAP.  XV. 


CONCERNING  MANGANESE. 


manganese,  rjp  H  E  regulus-  of  manganefe  is  a  femi-metal  of 


Characters  of 

dull  whitifh  colour  when  broken,   but  foe 
manganefe.       gy0ws  dark  by  calcination  from  the  action  of  the  ai 
It  is  hard,  brittle,  though  not  pulverable,  and  roug 
in  its  fracture ;  fo  difficultly  fufible,  that  no  heat  yi 
exhibited  has  caufed  it  to  run  into  malies  of  any  coi 
fiderable  magnitude  •,  and  appears  to  be  more  difpof< 
to  calcination  than  any  other  metallic  fubftance,  ui 
lefs  we  may  except  wolfram.  Its  calces  are  white  \vh 
imperfect  -y  but  black,  or  dark  green,  when  perfe 
the  white  are  foluble  in  acids-.    When  broken 
pieces,  it  falls  into  a  powder  by  fpontaneous  calcin 
tion  j  and  this  powder  is  magnetic,  though  the  mz 
were  not  poflefTed  of  that  property.    It  feems  as 
the  regulus  of  manganefe  were  capable  of  deprhr 
a  fmall  proportion  of  iron  of  its  magnetifm ;  but 
the  effe£t.  ceafes  as  foon  as  that  regulus  is  convert 
into  calx.    A  ftrong  heat  expels  vital  air  from  t 
calx  of  manganefe. 

Concentrated  vitriolic  acid  attacks  the  regulus 
manganefe,  but  much  more  readily  when  diluted  w 
two  or  three  times  its  weight  of  water ;  at  the  fr 
time  that  inflammable  air  is  difengaged.  A  bl 
fpongy  fubftance  remains  undifTolved,  which  has 
been  examined.  The  folution  is  colourlefs,  and  affo 

cry 
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-Is  by  evaporation.     Mild  alkalis  precipitate  a  manganese* 
calx,  foiuble  in  acids;  but  pure' alkalis  afford  a  '  v 
1  cak,  which  foon  grows  black  in  the  air,  and  is 
ly  foiuble.    The  black  calx  Of  manganefe,  when  Black  calx  of 

i       .   r  i  i  i     •  manganefe. 

>r  well  made,  is  altogether  infallible  m  acids, 
fome  combuftibli  fubftance  be  added.    It  ap- 
therefore  that  the  metal  in  this  ftate  is  too  far 
:ed,  and  requires  to  be  reduced  again  in  a  certain 
e  towards  the  metallic  ftate,  to  be  diflblved.  If 
jc  acid  be  added,  and  drawn  off  by  diftillation 
.1  times  from  the  black  calx,  by  an  heat  nearly 
aching  to  ignition,  in  a  glafs  veffel ;  it  is  found 
rital  air  is  difengaged  towafds  the  end  of  each  Theory. 
Fs,  and  part  of  the  calx  is  dilfolved.    The  folU- 
!>f  the  calx  in  acids,  by  the  addition  of  com- 
le  matter,  is  eafily  accounted  for,  on  either  of 
:eories  of  chemiftry,  by  affirming  that  the  reduc- 
■   effected  by  the  addition  of  phlogifton,  or  the 
:t~Hon  of  vital  air  from  the  calx  by  means  of  the 
ftible  fubftance.    The   phlogiftie  theory  ap- 
1  however  to  be  deficient,  in  explaining  the  folu- 
yj  mere  vitriolic  acid,  at  an  elevated  tempera- 
,  on  account  of  the  abfence  of  phlogifton  ;  but 
:w  theory  fimply  aflerts  the  fa£ts,  that  the  calx 
htal  air  in  confequence  of  the  elevated  tempe- 
,  and  is  rendered  foiuble  in  the  acid. 

rgman,  ii.  iij  (on  the  hypothefis,  that  heat  is  matrer;  that 
titter  confifts  of  pure  air  united  to'  phlogifton ;  and  that 
nefe  decompofes  the  heat),  derives  the  phlogifton  required 
folution,  as  well  as  the  vital  air  which  flies  off,  from 
compofuion.    Thefc  pofnions  did  not  appear  fufficiently 
:d  to  enter  the  text. 

C  c  2  Nitrous 
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g 
acid 


—  in  marine 
acid. 


manganese;  Nitrous  acid  diflblves  the  regulus  of  mangana 
Solution  of  re-  effervefcence,  and  the  efcape  of  nitrous  air.  J 

guius  of  hian-    fpongy,  black,  and  friable  matter  remains,  w^i 

ganefe  in  nitrous  . 

properties  refemble  molybdena.  The  folution  d 
riot  afford  cryftals.  The  perfect  calx  is  not  folu 
in  pale  nitrous  acid,  unlefs  -fome  combuftible  n 
be  added. 

The  regulus  is  diflblved  in  the  ufual  man 
marine  acid.    The  black  calx  is  likewife  fa 
■but  adheres  fo  weakly  to  the  acid,  as  to  be 
rated  even  by  the  mere  addition  of  water :  bu 
this  folution  be  expofed  to  a  digefting  heat  for 
hours,   an  inteftine  motion,  like  an  effervefo 
takes  place ;  the  fmell  of  dep'ilogifticated  or 
acid  is  perceived  j   and  the  combination  be 
more  perfect,  fo  as  not  to  afford  a  precipitate 
lefs  an  alkali  be  added.    Marine  acid  difiblv' 
black  calx  alfo,  by  the  addition  of  a  comb 
fubftance.    Mercury,  and  even  gold,  will  effe 
combination.    The  folution  of  manganefe  in  its 
acid   fcarcely   affords   cryftals,   but   a  deliqu 
faline  mafs  by  evaporation,  which  is  foluble  in  : 
fpirit. 

In  the  permanent  folution  of  black  calx  of 
nefe  by  marine  acid,  it  is  feen  that  the  aci 
muft  communicate  the  property  to  the  calx,  on 
its  folubility  depends  ;  that  is  to  fay,  it  muft 
Page  176—180.  afford  phlogifton,  or  abforb  vital  air  :  and 
ingly,  the  red  vapours  which  efcape  are  diftin 
by  the  name  of  dephlogifticated,  or  aerated, 
acid,  according  to  the  theory  which  may  be  at 
by  the  fpeaker. 


Explanation. 
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ier  acids  Hkewife  difiblve  this  metallic  fubftance.  manganese. 
iluor  acid,  and  alfo  the  phofphoric  acid,  form  ^     y  , 
3unds  of  difficult  folubility,  which  envelope  and 

I  it  from  their  farther  action  in  a  {hort  time. 

the  dry  way,  the  calx  of  manganefe  combines  Combinations  of 

1  r  ?•         r  1  n  Li     ca^x  °^  marl§a" 

fuch  earths  and  faline  fubftances  as  are  capable  n.fe  ;n  the  dry 
dergoing  fufion  in  a  ftrong  heat.    Thefe  expe-  W9y' 
ts  are  moft  advantageoufly  performed  by  the 
npe,  on  fmall  quantities  of  matter ;  becaufe, 
.  way,  the  whole  of  the  phenomena  are  clearly 
The  moft  remarkable  property  of  the  folutioifs 
t  a  due  proportion  of  combuftible  matter  renders 
:olourlefs;  for  which  reafon,  the  calx  of  man- 
is  ufed  by  the  glafs  manufacturers,  to  deftroy 
)lours  of  glafs.    If  a  globule  of  microcofmic     Page  299, 
:  fufed  by  the  blow-pipe  upon  charcoal,  and 

II  portion  of  the  black  calx  of  manganefe  be 
the  colour  will  be  of  a  blueim  red ;  or 

.eep  red,  if  the  quantity  of  calx  be  greater.  If 
r-fion  be  continued  by  the  interior  blue  flame,     Page  44. 
i  lour  at  length  difappears ;  but  may  be  eafily  Changes  of  co- 
t  again,  by  foftening  the  globule  with  the  ex-  our" 
flame.    A  fmall  particle  of  nitre  inftantly  re- 
the  red  colour;  but  inflammable  matter,  or 
:c  falts,  contribute  to  difcharge  it.    If  the  glo* 
lifter  being  deprived  of  all  colour,  be  fufed  in 
er  fpoon,  it  recovers  its  rednefs  ;  and  the  colour 
iifcharged  by  any  management  of  the  fufion, 
fome  inflammable  matter  be  added. 

fe  remarkable  changes  of  colour,  which  may  be  Explanation, 
dly  produced,  depend  evidently  on  the  prefence 
ince  of  combuftible  matter ;  or,  which  amounts 
C  C  3  to 
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mantantsf.  to  the  fame  thing,  on  the  degree  of  calcination  of  tH 
Explanation  of  manganefe  which  is  held  in  folution.  When  tH 
the  changes  of  highly  calcined  or  black  manganefe  is  firft  added,! 

colour  in  glafles  '  b 

which  contain    produces  a  coloured  globule;  if  inflammable  mattl 

be  added,  the  calx  is  partly  reduced,  and  forms  a  cjj 

lourlefs  combination.    Nitre  reftores  the  colour  by  ii 

well-known  property  of  calcining  metals.    When  qj 

fufion  is  performed  by  the  interior  flame,  the  globiij 

may  be  confidered  as  if  heated  in  a  clofe  velfel,  It 

contact:  with  charcoal ;  becaufe  the  furrounding  flaijj 

prevents  the  accefs  of  air  :  a  revival  of  the  calx  then 

fore  enfues,  and  the  oolour  vaniflies.    But  when  m 

external  flame  is  ufed,  its  apex,  or  point  only,  touiji: 

the  globule ;  and  the  furrounding  air  promotesM 

maintains  the  calcination  more  effectually  than  I 

charcoal  can  produce  the  contrary  effect :  the  co- 

quence  therefore  is,  that  the  colour  again  ap 

Vitriolic  falts  feem  to  forward  the  action  of  the  c 

coal,  which  converts  them  into  fulphur ;  and 

colour  remains  fixed  in  the  fpoon,  becaufe  there  i: 

combuftible  fmbftance  prefent,  which  is  fufficien 

Theories.     to  promote  the  revival  of  the  calx,    It  is  evident 

both  the  theories  of  chemiftry  are  applicable  to 

facts,  whether  the  charcoal  revives  the  calx  by 

gifticating  it,   or  by  depriving  it  of  its  vital 

or  whether  the  calcination  by  the  apex  of  the 

be  effected  by  the  diflipation  of  phlogifton,  or  b 

'  abforption  of  vital  air  from  the  atmofphere. 

Nearly  fimilar  changes  are  produced  when  the 

is  fufed  with  borax,  or  an  alkali. 

Combination         Rcgulus  of  manganefe  does  not  appear  to  co 
With  fulphur,  fulphur.  but  eight  parts  of  the  cais  cor 
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vith  three  of  fulphur,  and  produce  a  yellowifh  green  manganese. 
nafs,  which  is  a£ted  upon  by  acids;  the  metal  being  V  v 
liiTolved  with  effervefcence,  and  the  difengagement  of 
lepatic  air.    The  remaining  fulphur  may  be  collected 
m  a  filter. 

This  ferni-metal  melts  readily  with  molt  of  the  Metallic  comi>i- 

,  i      i  .   o  i  j        j    •        nations  of  man- 

rther  metals,  but  rejects  mercury.    Gold  and  iron  gaiH;le- 
rre  rendered  more  fufible  by  a  due  addition  of  manga- 
■  efe;  and  the  latter  metal  is  rendered  more  duftile. 
'opper  becomes  lefs  fufible,  and  is  rendered  whiter, 
ut  of  a  colour  fubje£r,  to  tarnim  *. 

Regulus  of  manganefe  has  been  found  native  among  Native  manga- 
iie  powdery  or  calciform  ore  of  this  metallic  fub- nefeaildlti>or<:6* 
ance.  Its  properties,  in  this  Mate,  perfectly  refem- 
e  the  regulus  produced  by  art.  Manganefe  ap- 
ears  to  exift  in  the  calcined  (late  in  all  its.  ores; 
louglj  contaminated  with  admixtures  of  earths,  or 
ther  metallic  matters.  They  are,  white,  red,  brown, 
r  .blacky  either  pulverulent,  indurated,  or  cryftal- 
czed.  Vegetable  afhes  likewise  afford  indications  of 
janganefe. 

To  analyfe  the  ores  of  manganefe  in  the  humid  Humid  analyfis. 
ay,  they  muft  be  reduced  to  a  fubtile  powder,  and 
nmerfed  in  a  mineral  acid,  with  a  piece  of  fugar 
i  aflift  the  folution.  If  nitrous  acid  be  repeatedly 
iftra&ed  to  ignition  from  the  ore,  the  iron  it  con- 
iits  will  be  rendered  nearly  infoluble  from  calcina- 
on ;  and  the  manganefe  may  be  taken  up  by  ftrong 
mcentrated  vinegar,  or  diluted  nitrous  acid.  This, 
hen  precipitated  by  mild  mineral  alkali,  affords  180 


*  Annalcs  de  Chimie,  i.  303. 
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anganese.  grains  of  precipitate,  for  every  100  grains  of  regulusj 
v  '  or  if  the  metals  be  precipitated  from  fuperabundant 
nitrous  acid,  by  Pruflian  alkali,  the  manganefe  will  be 
totally  diflblved  by  pure  water,  while  the  iron  remains 
behind. 

Spontaneous  in-     The  ore  of  manganefe,  which  is  known  in  Derbyr 

flammation  of  .  fl 

black  wadd.      fhire  by  the  name  of  black  wadd,  is  remarkable  for 

its  fpontaneous  inflammation  with  oil.    It  is  of  a 

dark  brown  colour,  of  a  friable  earthy  appearance, 

partly  in  powder,  and  partly  in  lumps.    If  half  a 

pound  of  this  be  dried  before  a  fire,  and  afterwards 

fufFered  to  cool  for  about  an  hour ;  and  it  be  then 

loofely  mixed  or  kneaded  with  two  ounces  of  linfeed 

oil ;  the  whole,  in  fomething  more  than  half  an  hour, 

becomes  gradually  hot,  and  at  length  burfts  into 

flame.    This  efFedr.  wants  explanation.    It  feems,  in| 

Page  1 65.     fome  meafure,  to  refemble  the  inflammation  of  oil 

by  the  nitrous  acid. 

Reduction  of       The  prefence  of  manganefe  may  be  ascertained 

the  dry  way,  by  the  blow-pipe,  from  the  Angular 

changes  of  colour  already  defcribed,  when  fufed  wit 

microcofmic  fait,  or  borax.    The  reduction  of  dig 

ore  is  efFe&ed  by  mixing  it  with  pitch,  making  H 

into  a  ball,  and  putting  it  into  a  crucible  lined  wit 

powdered  charcoal,  one  tenth  of  an  inch  thick  at 

fides,  and  one  quarter  of  an  inch  thick  at  the  bottom  I 

then  filling  the  empty  fpaces  with  powdered  charcoa 

and  luting  on  a  cover.    This  mufl  be  expofed  to  thj 

flrongeft  heat  of  a  forge,  or  furnace,  for  an  hour 

or  more.    As  the  calx  of  manganefe  is  ftrongly  dii 

pofed  to  vitrification,  fluxes  rather  impede  than  for 

ward  the  reduction.    The  reduced  globules  of  mar 

ganell 
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ife  are  ufually  enveloped  with  a  vitrified  cruft,  manganese. 
:h  cither  partly,  or  completely,  defends  them  from  Speedy^calcina- 
:a£tion  of  the  air;  but,  when  they  are  broken, tion- 

lofe  their  metallic  brilliancy  and  confiftence  in  a 
I  fhort  fpace  of  time.  i 

;anganefe  has  hitherto  been  ufed  chiefly  by  glafs- Ufes  of  manga- 

ncfc 

:rs  and  potters  j  but  the  important  difcoveries  of 


ufes  of  dephlogifticated  or  aerated  marine  acid 
no  doubt,  extend  its  utility  to  feveral  other  ma- 
Sories  *. 


Page  j  7  6. 


)n  manganefe,  confuk  Scheele,  67 — 142  ;  Bergman,  ii. 
•225;  the  Memoirs  of  Pelletier,  Berthollet,  &c. ;  and  the 
i£h  by  Elementary  Writers  on  Mineralogy. 
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WOLFRAM. 


CHAP.  XVI. 


CONCERNING  WOLFRAM. 


wolfram.   nnUNGSTEN  and  wolfram  have  already  be 

v  treated  of  in  the  fection  on  acids ;  and 

Page  216.  ' 

combinations  of  metals  with  the  regulus  of  wolfr 
have  been  occafionally  mentioned  under  their  refp 
tive  heads.  Little  elfe  remains  therefore  to  be 
of  this  metallic  fubftance,  than  to  fpecify  its  gen< 
characters. 

Charafters  and      The  yellow  matter,  or  calx  of  wolfram,  turns  1 

habitudes  of  the  .         r  ,r 

calx  and  regulus  by  expoiure  to  light  j  and  more  lnteniely,  if  to 
ml  wolfram.  of  By  a  ftrong  heat  in  a  covered  ( 

cible,  it  becomes  of  a  blueifh  black  colour,  wits 
of  weight  j  which  it  recovers,  together  with  its  oj 
nal  yellow  colour,  by  calcination,  with  accefs  ofl 
Thefe  changes  to  the  blue  colour  appear  ther 
to  be  partial  reductions  *.    One  hundred  grair 
the  yellow  calx,  or  acid,  being  put  into  a  cr 
with  charcoal  powder,  well  covered,  and  expofu 
a  ftrong  heat,  became  converted  into  a  button 
dark  brown  colour,  and  friable,  with  a  diminutiq 
forty  grains  of  the  original  weight.    Its  fpecific 
vity  was  17.6;  and,  upon  examination  with  a 
a  congeries  of  metallic  globules  was  feen,  for 
them  of  the  fize  of  a  pin's  head  j  which,  when 
exhibited  a  fracture  refembling  fteel.  Part  of  thi^ 

*  Dc  Luyarts  on  Wolfram,  page  5S. 
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•ing  calcined,  became  yellow  as  at  firft,  and  gained,  wolfram. 

venty-four  per  cent,  in  weight.    It  was  not  foluble  Habitudes/ 
vitriolic  or  marine  acid  ;  but  the  nitrous  acid,  and 
ua  regia,  converted  it  again  into  the  yellow  calx. 

'.he  yellow  calx  itfelf  could  not  be  vitrified.  Acetous 

I  id  converted  the  yellow  colour  to  a  blue. 

^  When  equal  parts  of  fulphur  and  the  yellov^  calx — with  fulphur. 

re  urged  by  a  ftrong  heat,  a  blue  friable  mafs  re- 
named, weighing  lefs  than  one-fourth  of  the  whole. 
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MOLYBDENl. 


CHAP.  XVIT. 


CONCERNING  MOLYBDENA. 


MOLYBDE 
\  


NA'iyyTOLYBDENA,  like  manganefe  and  wolfram, 

Characters  of    -*- * has  not  been  reduced  into  mafles  of  any  cc 
Jybdena  °f  m°"  ^^era^^e  magnitude ;  but  has  been  obtained  only  ii 
fmall  feparate  globules,  in  a  blackifh  brilliant  maf 
It  has  been  revived  by  a  procefs  fimilar  to  that  bj 
which  regulus  of  manganefe  is  obtained ;  but  it  re-j 
quires  a  moft  extreme  degree  of  heat  for  that  purpofej 
The  globules  are  grey,  brittle,  and  extremely  infufiblej 
By  heat  it  is  converted  into  a  white  calx,  which  rife 
in  brilliant  needle-formed  flowers,  like  thofe  of  ant 
mony.    Nitrous  acid  readily  calcines  and  acidifies 
regulus.    Nitre  detonates  with  it,  and  the  remaining 
alkali  combines  with  its-  calx. 

Detonation  with  nitre  decompofes  the  native  mc 
lybdena ;  but  folution  in  nitrous  acid  is  the  readied 
Seealfop.  215.        tQ  procure  t]ie  zc{&  0f         fubftance.  Pnifiin 

alkali,  and  alfo  infufion  of  galls,  precipitate  the  ac 
from  its  fojutions.    When  acid  of  arfcnic  is  heate 
with  molybdena,  it  converts  part  of  the  fulphur  int 
volatile  vitriolic  acid ;  which  comes  over,  and  cor 
bines  with  another  portion,  with  which  it  rifes 
the  form  of  orpiment.    No  other  acids  but  the 
trous  and  arfenical  have  any  aclion  on  crude  mi 
lybdena. 


Habitudes  with 
various  fub- 
ftances. 
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The  regulus  of  molybdena  unites  with  feveral  of  molybdena. 

:  metals,  and  forms  brittle  or  friable  compounds.      1       v  "* 
This  mineral  is  fcarce.    It  is  diftinguiftiable  from  Diftin&ive  cha- 
;ck  lead  by  its  more  mining  fcaly  appearance,  and  rafters* 

rks  paper  with  a  more  brilliant  ftroke ;  and,  as  it 

ambles  no  other  fubftance,  it  does  not  require  to 
^aflayed. 


CHAP. 
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CHAP.  XVIII. 


CONCERNING  URANITE,  OR  URANIUM. 


mum. 


metallic   rjpHE  celebrated  profefibr  Klaproth  has  dete 

SUBSTANCES.  ,,.     r  .  „  ,  .         ,  . 

L       ^      j  a  new  metallic  lubltance  in  the  mineral  uiua 

Urauite,  or  ura-  diftinguifhed  by  the  name  of  pech-biende,  or  pi 
blende,  and  ranged  among  the  ores  of  zinc.    As  it 
not  reducible  but  with  the  moft  extreme  difficul 
and  then  only  into  minute  grains,  it  appears  of  li 
confequence  to  enter  into  any  formal  defeription 
its  metallic  (late :  for  which  reafon,  I  mall  fo" 
the  order  of  the  profeflbr's  analyfis  in  the  preft 
chapter  *. 

The  pitch-blende,  or  ore  of  uranite,  is  found! 
mafTes,  or  elfe  ftratified  with  other  earths  or  mine* 
in  the  Swedifh  and  Saxon  mines.    It  confifts  of  t" 
varieties  :  the  firft  in  mafies  of  a  blackilh  colour, 
clining  to  a  deep  fteel  grey,  of  little  brilliancy  j 
fracture  is  unequal  and  concave  in  the  fmalleft  p 
It  is  perfectly  opake,  confiderably  hard,  and  beco 
convertible  into  a  black  powder  by  trituration, 
mean  fpecific  gravity  is  about  7.5.    The  fecond 
riety  is  ufually  found  in  ftrata,  and  is  difbingui 
from  the  former  by  a  deeper  black  colour,  intcrmi 
with  fpots  of  red  j  its  colour  is  more  mining, 


Defeription  of 
p  itch-blende. 


*  Journal  dc  Phyfiquc,  April  1790. 
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iches  that  of  coal ;  it  is  lefs  hard,  and,  when  metallic 

.      j-1  -n     •  SUBSTANCES-. 

nzed,  it  has  a  greeniih  tinge.  t 
s  mineral  fuffers  no  change  before  the  blow-  Habitudes,  by 
With  mineral  alkali  it  affords  a  fpongy,  femi- 
,  grey  globule.    With  microcofmic  fait  it  melts, 
fords  a  green  tranfparent  globule  ;  and  in  both 
are  fometimes  feen  fmall  globules  of  reduced 
When  the  mineral  is  heated  alone,  in  a  proper 
it  gives  out  fulphureous  acid  and  fulphur,  with 
weight ;  but  if  be  afterwards  kept  ignited  for 
fiderable  time  beneath  a  muffle,  it  gains  fome 
\  by  calcination. 

vitriolic  acid  acts  very  imperfectly  upon  pitch-  A&ion  of  acids 
;  •,  but  nitrous  acid  completely  decompofes  it,  °n  Pltch"bkndc- 
y  moft  part  in  folution,  while  a  fmall  propor- 
fulphur,  and  fome  filiceous  earth,  fall  down. 
•  acid  a£ts  but  imperfectly  upon  it  j  but  aqua 
;lhTolves  it,  as  well  as  the  pure  nitrous  acid. 
Wution,  after  it  had  depofited  a  fmall  quantity 
aeous  lead,  afforded  large  tranfparent  cryftals 
fe  in  the  cold,  which  were  of  a  faint  yellowifh 
:olour,  and  of  a  figure  not  eafy  to  be  afcer- 

'as  remarkable,  that  this  fubftance  was  not  Precipitates. 
:able  from  its  folvents  either  by  iron  or  zinc ; 
'utile  liver  of  fulphur  threw  down  a  brownifh 
^precipitate,    tyut-galls  did  not  precipitate  any 
mlefs  the  fuperabundant  acid  were  neutralized 
cali ;  and,  in  this  cafe,  the  precipitate  by  galls 
a  chocolate  brown. 

llinctive  criterion  of  this  metallic  fubftance  Precipitates. 
1  brownifh  red  colour  when  feparated  by  Pruf- 
3  fian 
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Yellow  calx  of 
jitth-bkiide. 


metallic   fian  alkali;  a  circumftance   indeed  common 

SUBSTANCES.  tQ  CQpper  .  bufc  th}s   hft    metal   faUs    down  jn 

whereas  the  former  is  uniformly  feparated  thro 
the  whole  fluid.    Volatile  alkali  ufually  precip? 
it  of  a  yellow  colour,  more  or  lefs  obfcure,  acc 
to  the  purity  of  the  mineral,  or  of  the  alkali, 
two  fixed  alkalis,  when  pure,  precipitate  it  comp 
in  the  form  of  a  lemon-coloured  calx;  Mild 
afford  a  paler  calx. 

The  yellow  precipitate  is  very  foluble  in 
and  affords  cryftals  by  combination  with  the 
and  acetous  acids.    Phofphoric  acid  affords  yell 
irregular  flocks,  fparingly  foluble  in  water, 
do  not  diffolve  the  yellow  matter  either  in  the 
or  humid  way. 

Various  attempts  were  made  by  the  difcove" 
revive  it  to  the  reguline  flare.  He  triturated  it 
linfeed  oil  to  the  confiftence  of  a  pafte,  burn 
oil  in  a  roafting  teft,  then  placed  the  rem" 
black  powder  in  a  crucible  lined  with  charcoal, 
well  covered,  and  expofed  it  to  a  violent  heat ; 
operated  a  reduction  of  manganefe  in  another 
cible,  but  produced  no  other  change  in  the 
uranite  than  to  render  it  foluble  in  nitrous 
with  effervefcence,  heat,  and  efcape  of  nitrous 
This  altered  calx  was  then  put  into  an  affayer's 
covered  with  borax,  and  mixed  with  chare 
the  lid  luted  on.  The  heat  of  a  porcelain 
reduced  it  into  a  coherent  mafs,  confifting 
fmall  metallic  globules  agglutinated  together. 


Reduction. 
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SECTION  IV. 

MINERAL  COMBUSTIBLE  BODIES,  AND 
THE  DIAMOND, 


CHAP.  I. 

OF  MINERAL  COMBUSTIBLE  BODIES. 

^HE  inflammable  fubftances  found  in  the  mineral  mineral 
kingdom  are— i.  Inflammable  air,  called  fire-  COMBUSTI" 
IP  in  the  mines-    2.  Hepatic  air,  which  abounds  * 
Many  hot  baths,  in  mines,  and  in  the  neighbour-  Enuih"atiwi» 
M  of  v°lcanos.    3.  Naptha;  a  fine  thin,  fragrant, 
Urlefs  oil,  which  iflues  out  of  white,  yellow,  or 
clays  in  Perfia  and  Media.    This  is  highly  in- 
>mable,  and  is  not  decompofed  by  diftillation.  It 
Mves  refins,  and  the  eflential  oils  of  thyme  and 
Mder ;  but  is  not  itfelf  foluble  either  in  fpirit  of 

d  wine 
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MINERAL 
COMBUSTI" 
BLES. 


Petroleum. 


Barbadoes  tar. 


Afphaltum. 


wine  or  sether.    It  is  the  lighted  of  all  the  denfe 
fluids;  its  -fpecific  gravity  being  c]o&.    4.  Petri 
leum,  which  is  a  yellow,  reddifh,  brown,  greenl 
or  blackifh  oil,  found  dropping  from  rocks,  or  iflut 
from  the  earth,  in  the  duchy  of  Modena,  and 
various  other  parts  of  Europe  and  Afia.  This 
wife  is  infoluble  in  fpirit  of  wine  ;  and  feems  to 
fill  of  naptha,  ( thickened  by  expofure  to  the  a 
fphere.    It  contains  a  portion  of  the  acid  of  am1 
5.  Barbadoes  tar,  which  is  a  vifcid,  brown,  or  b' 
inflammable  fubftance,  infoluble  in  fpirit  of  wine, 
containing  the  acid  of  amber.    This  appears  to 
the  mineral  oil  in  its  third  ilage  of  alteration.  6. 
phaltum  is  a  fmooth,  hard,  brittle,  inflammable 
ftance,  which  melts  eafily,  and  burns  without  lea1 
any  allies,  if  it  be  pure.    It  is  (lightly  and  parti 
Mineral  tallow,  a&ed  on  by  fpirit  of  wine  and  sether.    7.  Min 
tallow,  which  is  a  white  fubftance  of  the  confifti 
of  tallow ;  and  as  greafy,  though  more  brittle, 
was  found  in  the  fea  on  the  coafts  of  Finland, 
the  year  1736;  and  is  alfo  met  with  in  fome  ro 
parts  of  Perfia.    It  is  near  one  fifth  lighter  than 
low ;  burns  with  a  blue  flame  and  a  fmell  of  gn 
leaving  a  black  vifcid  matter  behind,  which  is 
difficultly  confumed.    8.  Jet,  which  is  much  har| 
than  afphaltum ;  fufceptible  of  a  good  poling 
glaiTy  in  its  fraclure.    It  is  highly  elctlrical,  fufib 
a  moderate  heat,  and  infoluble  in  fpirit  of  w 
p.  Pit  coal.    Of  this  there  are  many  varieties : 
appear  to  confift  of  petroleum,  confolidated  witi 
earth,  chiefly  of  the  argillaceous  kind.    10.  Peat 
black  inflammable  earth,  which  is  of  a  vifcid  co 


Jet. 
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:cc  when  frefh,  but  hardens  by  expofure  to  the  air.  mikeral 
Turf  confifts  of  mould,  interwoven  with  the  roots  C0MBUSTI* 

BLES. 

vegetables.    12.  Amber  has  been  already  treated  1       v  j 
(198).    It  is  infoluble  in  water,  and  in  fpirit  ofTurf-  Ambcr* 
:  ne ;  and  no  other  acid  but  the  vitriolic  diflblves  it. 
-  diftillation  it  affords  a  fmall  portion  of  water,  an 
of  the  nature  of  petroleum,  and  a  peculiar  acid. 
.  Sulphur  is  very  abundant  in  the  mineral  kingdom.  Sulphur, 
rhas  before  pafTed  under  our  obfervation,  on  account 
its  affording  the  vitriolic  acid  by  combuftioiu 
.  Plumbago,  or  black  lead.  Plumbago. 
When  we  attend  to  the  inflammable  fubftances  General  obfer- 

1  •     ,i  1  .       T         .  vations  on  the 

md  m  the  eartn,  or  in  the  mineral  kingdom,  we  combuftible  fub- 
y  perceive  that  very  few,  and  moft  probably  none  ^"J™^ 
them,  can  be  truly  faid  to  belong  to  it }  but  have  kingdom, 
n  elaborated  in  the  bodies  of  animals  or  vegeta- 
...    From  the  turf  that  is  pared  from  the  furface 
the  earth,  and  owes  its  inflammability  to  the  roots 
vegetables  which  are  mixed  with  it,  we  may  de- 
rrtd  to  the  peat,  or  black  earth,  of  the  moors  •,  in 
-iy  fpecimens  of  which,   vegetable  remains  are 
I  perceptible    though  in  moft  they  appear  to  be 
>rived  of  every  appearance  of  their  organic  texture, 
ir  oily  and  inflammable  nature  only  remaining  : 
from  thence  the  tranfition  to  pit-coal  is  eafy, 
if  we  reflect  on  the  vaft  revolutions  which  the 
:h  has  certainly  undergone  through  a  long  courfe 
ages,  by  means  of  which  its  furface  has  been 
*ken,  difplaced,  and  inverted,  from  the  actions  of 
•ds,  earthquakes,  and  the  great  convulfions  of  na- 
i  caufed  by  volcanic  eruptions,  it  will  be  no  im» 
bable  inference,  that  the  thin,  though  extenfive, 
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mineral    ftrata  of  pit  coal,  as  well  as  the  exfudations  of  nap- 
CO"B"STI"  tha,  petroleum,  and  their  modifications,  have  all  arifcn 
v      v      J  from  the  burying  of  extenfive  woody  trails  of  the 
do^on^hecom-  fur^ace>  fuch  as  are  common  in  all  uncultivated  coiin* 
buiHble  matter   tries.    And  this  probability  will  be  reduced  to  a  cer- 

found  in  the  mi-  1  ' 

neral  kingdom,  tainty,  when  we  advert  to  the  natural  hiftory  of  pit 
coal,  which  is  met  with  in  all  the  various  dates  of 
transformation.    Whole  trees  are  converted  into  pit 
coal,  in  fuch  quantities  together  as  to  exhibit  entire 
forefts ;  in  which  the  roots,  trunks,  branches,  bark,  ( 
and  even  fpecies,  are  difcernible.    Coal-pits  and  Hate-, 
quarries  exhibit  innumerable  marks  of  impreflions  of 
leaves,  and  other  indications  of  their  vegetable  ori^ 
and  the  analyfis  of  this  combuftible  fubftance  tend 
ftill  further  to  confirm  this  truth.  On  the  other  hai 
if  we  attend  to  fuch  inferences  as  chemical  thee 
might  point  out  from  the  fa£ls  around  us,  we 
fee  how  fmall  the  probability  is,  that  the  mine 
kingdom  mould,  after  a  certain  limited  time,  cont 
inflammable  bodies,  if  they  were  not  occafioi 
thrown  into  it,  in  confequence  of  the  operations 
ried  on  within  organized  fubftances.  For  all  inflar 
ble  fubftances,  tending  to  decompofe  the  vital  air 
the  atmofphere,  would,  in  procefs  of  time,  revert 
the  clafs  of  uninflammable  bodies,  if  the  operation* 
organized  bodies,  particularly  of  the  vegetable  kinc1 
did  not  tend  to  difengage  the  vital  air  again,  anj 
render  bodies  combuftible,  which  were  not  fo  whej 
they  became  parts  of  thofe  fubftances. 
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CHAP.  II. 


CONCERNING  THE  DIAMOND. 

*^HE  diamond  is  a  mineral  which,  on  feveral  diamond. 
•    accounts,  appears  worthy  to  compofe  an  order  characlc7s7&c. 
tfelf.    It  is  found  in  a  fandy  earth  in  the  hither  of  the  diamond, 
infula  of  India,  in  the  ifland  of  Borneo,  and  in  the 
izils.    The  form  of  the  diamond,  when  perfect,  is 
of  an  eight-fided  prifm.    There  are  alfo  cubical 
nonds,  which  are  fufpeclted  to  be  of  a  different 
are  from  the  others.  Diamonds  are  of  a  lamellated 
:ure *,  and  may  be  eafily  fplit  by  a  blow  in  a  proper 
ttion.     The  confent  of  mankind  has  fixed  an 
nenfe  value  upon  this  ftone  *.     The  inimitable 

qualities 

The  value  of  diamonds  is  reckoned  by  weight,  at  fo  much 
*arat.    The  carat  ufed  in  this  valuation- is  divided  into  four 
,  called  grains ;  but  lefs  than  troy  grains  by  one  fifth : 
150  carats  are  equal  to  the  troy  ounce  of   480  grains, 
jh  diamonds,  without  any  flaw  or  blemifh,  are  valued  at 
pounds   fterling  the   fingle   carat ;   and   the  expence  of 
lg  amounts  to  3.3  pounds  the  carat.    The  value  is  greatly 
liflied  if  the  diamond  be  imperfect,  or  of  a  bad  figure ; 
it  increafes  rapidly  with  the  fize;    To  find  the  Worth 
rrough  diamond,  its  weight  in  carats  muft  be  fquared,  and 
fplicd  by  two,  and  the  product  will  be  pounds  fterling. 
t  or  finifhed  diamond  is  worth  four  times  as  much  as 
*:hat  is  ftill  rough.    Thofe  of  the  greateft  brilliancy  are 
imes  valued  at  a  higher  rate  ;  but  this  value  has  never  been 
-d  to  ftones  of  execflive  magnitude.    It  does  not  appear 
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diamond,    qualities  to  which  this  preference  is  attached,  art 

HardneiT"^  its  hardnefs,  which  is  fuch  that  it  eafily  cuts  all 

brilliance  of  ilia-  other  fubftances,  and  takes  a  moll  cxquifite  and  laft- 
jnonds :  ; 

ing  polifh  j  and  its  very  great  refracting  power,  which 

is  fuch  as  to  occafion  all  the  light  to  be  reflected, 

which  falls  on  any  of  its  interior  furfaces  at  a  greater 

angle  of  incidence  than  24^  degrees.  Hence  its  luftre, 

when  cut  into  the  form  of  a  regular  folid,  is  very  great. 

'.This  may  be  eafily  understood,  when  it  is  confidered 

that  an  artificial  gem  of  glafs  does  not  reflect,  the  light 

from  its  hinder  furface,  until  that  furface  is  inclined  in 

an  angle  of  41  degrees.    The  diamond  therefore  wilt 

hot  only  throw  back  all  the  light  Which  an  artificial 

'    gem  would  reflect,  but  likewife  one  half  as  much 

more  \  which,  falling  between  the  angles  of  4 1  di 

and-  244,  would  have  been  fuffered  to  pafs  through 

by  the  falfe  gem.    It  is  not  furprifmg  therefore  tlM 

the  effect  of  the  diamond  mould  be  fo  much  greater; 

more  efpecially,  when  we  attend  to  its  extreme  tranf-j 

parency,  and  the  accuracy  of  its  polifli. 

—  foiubl'e  in  vi-     No  folvent  but  the  vitriolic  acid  has  any  tffei 

on  this  gem ;  in  which,  if  diamond  powder  be  tri-j 
turated,  and  evaporation  carried  on  nearly  to  drynef 
the  acid  grows  black,  and  depofits  pellicles  that  burn^ 

—  combuftible.  and  are  entirely  confumed.    In  a  heat  fomcwhal 

greater  than  is  required  to  melt  filver,  the  diamond 
is  entirely  volatilized,  and  confumed  with  a  fligi 

tha.r  apy  fum  exceeding  one  hundred  and  fifty  thoufand  pouo 

has  been  given  for  a  diamond. 

See  Magellan's  improved  cdkion  of  Crcnftcdt's  Mineralogj 
for  a  confidejable.  raafs  of  entertaining  information  on  th 
fybjedh  ^ 
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'flame;  diminifhing  common  air,  and  leaving  a  foot  diamond. 
:  behind. 

Diamonds  are  of  all  colours  :  the  clear  tranfparent  Coloured  dia- 
fftones  are  the  molt  efteemed;  and,  next  to  them, 
jthofe  of  a  deeper  tinge.  Whether  thefe  coloured 
iflones  be  really  of  the  fame  nature  as  the  clear 
odiamond,  has  not  been  afcertained.  The  lapidaries 
r  reckon  them  to  be  diamonds  from  their  hardnefs 
and  luftre. 
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SECTION  V. 

WCERNING  THE  PRODUCTS  OF  THE 
VEGETABLE  KINGDOM. 


CHAP.  I. 

rHE    STRUCTURE    AND    COMPONENT    PARTS  OF 
ORGANIZED  SUBSTANCES. 


VARIETY  of  changes  takes  place  among  the  organized 
great  mafs  of  minerals  which  come  under  our  substances 
/ation  near  the  furface  of  the  earth.    Thefe,  General  obfer- 
ered  individually,  appear  to  be  effe&ed  chiefly  vatl0ns- 
lue  of  the  chemical  attractions  or  affinities,  aflifl:- 
thofe  variations  of  pofition  and  of  temperature 
i  arife  from  external  caufes ;  fuch  as  the  folar 
or  the  alterations  which  the  capacities  of  other 
I  undergo.    But  in  vegetables  and  animals  there 
8  is 


4i  a 


THE,  STRUCTURE  OF 


ratus  tor  per 
forming  chcmi. 
cal  operations. 


organized  is-  an  exprefs  organization  of  parts>  which  evidently- 

SUBSTANCES  i  %  m 

v  j '  appears  to  nave  been  defigned  by  the  Supreme  Intelli- 

The  parts  of    gertce  for  the  purpofe  of  uniting  the  powers  of  me- 
conftitute  appa-  chanifm  to  thofe  of  chemiftry.    It  does  not  imme- 
diately coincide  with  our  prefent  intention^  to  take 
any  notice  of  fuch  effects  as  are  produced  by  the 
mufcular  exertion  of  animal's,  or  any  part  of  them », 
ftructure,  except  fo  far  as  they  modify  the  chemical  J 
procefles-  carried-  on-  within  them.    In  this  point  off! 
view,  we  may  confider  the  folid  or  confiftent  parts  of  ji 
vegetables  and  animals  as  compofmg  an  apparatus}, 
for  performing  a  number  of  chemical  procefles  withjc 
the  fluids  that  circulate  through  them.    It  is  true^ 
indeed'  that  this  whole  feries  of  operations  is,  fdrf,( 
the  moft  part,  performed  with  fuch  a  minute  fet  oflu 
veflels;  at  the  fame  time  that  the  bodies  applio 
to  each  other,  to  exercife  their  refpedtive  che 
attractions,  feem  in  general  to  be  reduced  fo 
their  firft  principle^  thafc  in  the  prefent  ftate  of 
knowledge  we  can  fcarcely  proceed  farther  than 
asffiertj  that;  the  effects  are  really  produced:  by  an  applij 
cation  of  the  moft  fublime  chemiftry  :  but  thefe  diffi| 
culties  ought  rather  to  encourage  than  deprefs  o« 
ajtempts  to  arrive  at  a  more  intimate  knowledge  < 
the  powers  of  nature. 

The  organsiofr  vegetables  appear  to  confift  chief 
of  tubes,,  adapted  to  imbibe  fluid  matter  from 
earth.    This  fluid,  which  is  moftly  water,  rifes  ei 
by  the-  capillary  attraction,  by  the  alternate  expa 
and  contractions  which  depend  on  temperature, 
by  other  means  j;  and  depofits  its  impregnations 
ing-  its.  tranfltion.  through  the  veflels  of  thfr 
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;dioa  of  the  folar  light,,  the  agitation  produced  org.ajst/. vd 
nds,  and  the  nature  of  the  circumambient  air,  substances,. 
£  great  importance  in  thefe  procefles.    It  ist  Vegetable,  bo- 
1  that  vegetables  dp  not  thrive  in,  vital  ajy^ 
hey  abforb  fixed  air ;  and  tljat  they  emit  vital, 
■  iring  the  action  of  Kght,  more  especially  the 
light  of  the.  fun.    That  they  emit  plentiful,, 
:.tions  of  various  kinds,  is  obvious  from  their" 
from  the  humidity  of  countries  abounding, 
nwoods^  as.  well  as  from  the  confideration  of. 
iprt,  time  that  would  be  required  to  dry  the; 
of  vegetables,  if  they,  did-  not  gonftaptly  receive 
)Iy  of  mohlure  to  recruit  what  they  muft  lofer 
•niiant   evaporation.     We:  fee   therefore  that; 
are  afiemblages  of  veffels,  hi  -which  water  and 
1  fluids  are  received',  andfby  fucceiliv;e  mix.tures^ 
cons,  evaporations,  -or;  depofitions,  are  either  de-. 
•fed,  or  form  new  compounds.    Thus  it  may 
pm  the  decomposition  of  water  itfelf,  that<  they.     Page.  9  j. 
iital  air  ;  while  the  other  principle,,  or  inflam- 
apr,  is  retained,  and  enters  into  the  compofi- 
ff]  their  combultible  parts,    Or,  if  the  decora- 
ca  of  water  be  denied,  the  vital  air  may  arife 
:he  abforption  of  fixed  air  -y  whofe  combuftible^     rage  125. 
>le  (whether,  it  be  fuppofed  to  be- inflammable 
fome  philofophers  infer;,  or  charcoal,  accord- 
others)  may  be  retained,  and  anfwer  a  like, 
ce ;  fince  both  thefe  fubdances  are  obtained  in 
lammation  of  vegetables. 

:snal  bodies  are  of  a  much  more;  elaborate  ftruc-  Animal  belies. 
In  thefe  there  is  a  provifion  for  mechanically 
tg  folid  bodies  by  maftication,  which  anfwers 

the 
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organized  the  fame  purpofe  as  grinding,  pounding,  or  leviga 
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i  J  tion,  does  in  our  experiments;  namely,  that  of  en 

Animal  bodies,  larging  the  quantity  of  furface  to  be  acted  upon  b 
folvents.    The  procefs  carried  on  in  the  ftomac 
appears  to  be  of  the  fame  kind  as  that  which  w| 
PaSe  34«     diftinguifli  by  the  name  of  digeftion  ;  and  the  bowels 
whatever  other  ufes  they  may  ferve,  evidently  fori 
an  apparatus  for  filtering,  or  conveying  off,  the  fluids 
while  the  more  folid  parts  of  the  aliments,  which  ai 
probably  of  fuch  a  nature  as  not  to  be  rendered  flu 
but  by  an  alteration  which  would  perhaps  deftn 
the  texture  of  the  machine  itfelf,  are  rejected  as  id 
lefs.    When  tins  filtered  fluid  paffes  into  the  circ 
latory  veffels,  through  which  it  is  driven  with  con 
derable  velocity  by  the  mechanical  action  of  the  hea 
it  is  not  only  fubjected  to  all  thofe  changes  whii 
the  chemical  action  of  its  parts  is  capable  of 
ducing,  but  is  likewife  expofed  to  the  air  of 
l'*ge  33-  9--    atmofphere  in  the  lungs,  into  which  that  elaftic  fit 
is  repeatedly  admitted  by  the  aft  of  refpiration.  H 
it  undergoes  a  change  of  the  fame  nature  as  hap 
to  other  combuftibfe  bodies  when  they  combine 
its  vital  part.    This  vital  part  becomes  condenfed, 
combines  with  fome  principle  emitted  from  the  bl 
at  the  fame  time  that  it  gives  out  a  large  quanti 
heat,  in  confequence  of  its  own  capacity  for  heat  be: 
diminifhed.    It  has  not  been  afcertained  whether 
fubftance  which  converts  the  infpired  vital  air  i 
fixed  air  (of  which  a  portion  is  expired  from  the  lum 
Page  185.     together  with  the  noxious  or  phlogifticated  air) 

inflammable  air  or  charcoal ;  and  it  has  likewife  bj/4 
doubted  whether  any  part  of  the  vital  air  is  abf< 
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the  blood.  Later  experiments  of  Dr.  Prieftley  organized 
v,  however,  that  this  laft  event  does  actually  take  s 


:  would  lead  us  too  far  from  our  purpofe,  if  we  Secretions,  or 

,        .         f*    1     i*i  1  combinations  of 

it  to  attempt  an  explanation  of  the  little  we  know  vegetabie  and 
eecting  the  manner  in  which  the  fecretions,  or  *n,mal  fub- 

o  *  nances. 

tbinations,  that  produce  the  various  animal  ^nd 
table  fubftances,  are  effected  ;  or  the  ufes  of  thofe 
ances  in  the  ceconomy  of  plants  and  animals, 
t  of  them  are  very  different  from  any  of  the 
ucts  of  the  mineral  kingdom.    We  fhall  there- 
only  add,  that  thefe  organized  beings  are  fo 
rived,  that  their  exiftence  continues,  and  all  their 
ttions  are  performed,  as  long  as  the  veflels  are  Nutrition, 
lied  with  food,  or  materials,  to  occupy  the  place 
jch  as  are  carried  off  by  evaporation  from  the 
(ice,  or  otherwife ;  and  as  long  as  no  great  change 
ude,  either  by  violence  or  difeafe,  in  thofe  veffels, 
t.e  fluids  they  contain.    But  as  foon  as  the  entire  Difeafe. 
:?fs  is  interrupted  in  any  very  confiderable  degree, 
lhemical  arrangements  become  altered;  the  tem- 
ure  in  land  animals  is  changed;  the  minute 
s  are  acted  upon,  and  deftroyed  ;  life  ceafes  ;  Death, 
tithe  admirable  ftru&ure  being  no  longer  fufE- 
4y  perfect,  lofes  its  figure,  and  returns,  by  new 
ninations  and  decompofitions,  to  the  general  mafs 
1  organized  matter,  with  a  rapidity  which  is  ufually 
sr,  the  more  elaborate  its  conftruttion. 
e  parts  of  vegetable  or  animal  fubftances  may 
tamed,  for  chemical  examination,  either  by  fim- 

*  Phil.  Tranf.  Ixxx.  106. 
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org ak  12 ed  pie  preffure,  which  empties  the  vefiels  of  their  cc 
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^  j  tents  j   by  digeltion  in  water,  or  in  other 

Various  methods  which  diiTolve  certain  parts,  and  often  change 

of  feparating  the  .     .    i    i-  i  i 

parts  of  animal  nature  4  by  deitruetive  dilttHation,  m  which  the 
fiance^*316  ^ °£  a  ft-rong  heat  alters  the  combination  of 
parts,  and  caufes  the  new  products  to  pafs  over  lij 
the  receiver,  in  the  order  of  their  volatility  ;  by  fp^ 
taneous  decompofiti'oh,  or  fermentation,  wherein  jj 
•component  parts  take  a  hew  arrangement,  and  k 
compounds,  which  did  -not,  for  the  moft  part,  *eaflj 
the  organized  fubftance  ;  or,  laftly,  the  judicious  I 
mid  will  avail  himfelf  of  all  thefe  fever  al  m« 
•f;ng!y,  or  in  combination.    He  will,  accord;* 
circumftances,  feparate  the  parts  of  an  animal  or| 
getable  fubftance  by  preffure,  afEited  by  heat ; 
digeftion,  or  boiling  in  various  fluids  added  &| 
retort,  which  contains  the  fubftance  under  e3 
•  tion.    He  will  attend  particularly  'to  the  pre 

which  pafs  over  ;  whether  they  be  permanently 
tic,  or  fubjecr.  to  condenfation  in  the  tem'peraturt 
are  ?.ble  to  produce.    In  fome  cafes,  he  will 
the  fpontaneous  decompofition  to  precede  the 
cation  of  chemical  methods;  and  in  others  fit 
attentively  mark  the  changes  which  the  prodtfc! 
his  operations  undergo  in  the  cou>fe  of  time, 
ther  in  clofed  veffels,  or  expofed  to  the  oper 
Thus  it  is  that,  in  furveying  the  ample  field 
ture,  the  philofophical  chemift  pofiefles  nu" 
means  of  making  difcoveries,  if  applied  with 
ment  and  fagacity ;  though  the  progrefs  of  dif 
fo  far  from  bringing  us  nearer  the  end  of  our  pil 
appears  continually  to  open  new  fcenes ;  and, 
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ing  our  powers  of  inveftigation,  never  fails  to  point  organized 

....        ,    i  •    o       r  •  SUBSTANCES, 

additional  objects  of  enquiry.  L  , 

i  treating  of  the  produces  of  'the  vegetable  king-  Vegetable  pro- 
,  we  fhall  attend  rather  to  the  proceffes  by  which  duds  airanSed* 
bbtain  them,  than  to  any  arrangement  fuppofed  to 
among  their  principles.    In  this  way,  the  order 
iconfilt,  firft  of  principles  not  faline,  obtained  in 
;^ree  of  heat  not  exceeding  that  of  "boiling  water  ; 
idly,  faline  principles,  obtained  by  preflure,  or 
folution  in  water,  or  ardent  fpirit  •,  thirdly,  faline 
:iples,  obtained  by  ftrong  heat,  or  by  the  action 
itrous  acid  ;  fourthly,  the  products  of  deftru&ive 
lation ;  and,  laflly,  the  products  of  fpontaneous 
jmpofition,  or  fermentation. 


CHAT. 


4*6  VEGETABLE  PRINCIPLES,  NOT  SALINfc 


CHAP.  II. 


CONCERNING    SUCH    PRINCIPLES    OF  VEGETABLES 
DO  NOT  EXHIBIT  SALINE  PROPERTIES,  AND  ABi 
OBTAINED    WITHOUT    THE  APPLICATION 
OF  ANY  GREATER  HEAT  THAN  THAT 
OF  BOILING  WATER,  AND  WITHOUT 
THE  ACTION  OF  ANY  SOLVENT 
BUT  WATER,  OR  ARDENT 
SPIRIT. 


vegetable  rTT*HOSE  immediate  principles  of  vegetables, 
principles.    X    do  not  evidently  exhibit  faline  properties, 
juices  and  et-  called  juices,  when  they  flow  out  of  incifions 
tradts.  jn  t]ie  living  plant,  or  are  obtained  by  fimple  pr 

and  extracts,  when  rendered  thick  by  evapo 
of  part  of  the  water  they  contain.  The  jui 
Purification.  plants  are  purified  by  fuffering  their  grofler  p 
fubfide,  or  by  filtration.  In  fome  cafes,  the  fl 
rendered  clearer  by  fimply  heating  it  in  a 
bath,  which  caufes  part  to  take  the  form  of  a 
Jum. 

Manipulation.       Dry  plants,  or  woods,  or  feeds,  are  either 
pounded,  or  ground,  to  feparate  their  parts,  an 
be  macerated,  boiled,  or  digefted  in  water,  or 
of  wine  ;  or  the  infoluble  parts  may  be  fubje 
preffure,  to  force  out  their  fluid  contents, 
fluids  may  be  purified  by  means  fimilar  to  thofe 
are  applied  to  the  exprefled  juices  of  plants. 
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lie  principles  of  plants  which  are  not  of  a  faline  Vegetable 
ire,  and  are  obtained  without  deftroying  them  by  fRINCIPLE3; 
.,  are — 1.  Gum,  or  mucilage^  which  is  foluble  in  Enumeration  of 
•r,  but  not  in  ardent  fpirit.    2.  Sugar,  which  is  ^vegetable^as 
.3le  both  in  wafer  and  in  ardent  fpirit.    3.  Starch, Bre  not  faline- 
:h,  though  infoluble  in  either  of  thefe  fluids,  forms 
'die  with  water,  efpecially  if  heated.    4.  Vegetable 
:n,  which  is  neither  ibluble  nor  difFtifible  m  water 
dent  fpirit ;  has  a  tenacious  confiftence  when  re- 
y  prepared    but  does  not  imbibe  water  after  it 
>nce  been  dried.    5.  Fat  oils,  which  are  infoluble 
iter  or  ardent  fpirit,  and  are  either  fluid,  or  fufible 
)ut  alteration,  by  a  moderate  heat.    6.  Volatile 
ential  oils,  which  are  foluble  in  ardent  fpirit,  but 

I  water,  and  rife  totally  in  diftillation.    7.  Cam- 
which  differs  from  eflential  oils  in  being  more 

ete,  more  volatile,  and  in  being  totally  foluble, 
ut  alteration,  in  Concentrated  acids.    8.  Refins, 
differ  from  eflential  oils,  in  being  decompofablei 
.  at  j  and  from  camphor,  in  being  changed  by 
9.  The  aromatic  principle,  or  vegetable  prin- 
)f  fmell.    10.  Colouring  matters. 

•  juices  or  extra&s  of  plants,  in  general,  contain  Juicej  or"  ex« 
im  and  refin,  which  may  be  feparated  by  their 
[dve  folvents,  water  and  ardent  fpirit.  Thefe 
to  exift  together  in  the  plant,  forming  a  com- 
|<  of  a  foapy  or  faponaceous  nature. 

II  is  a  fubftance  very  well  known.    It  is  ufually  Gwn. 
trent,  more  or  lefs  brittle  when  dry,  and  gives 

vifcid,  and  glcwy  confiftence  to  water  in  which 
I  Halved.    Gum  is  ufually  obtained  by  wounding 

E  e  the 
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vegetans  the  trunks  or  branches  of  trees,  fuchas  the  plum,  thej 
principli.s^.  pear^  tjie  qjj^y  tree^  gj-c..  and  is  diftinguifhed  by  vaij 

.  Mucilage  or     rious  denominations,  according  to  the  plant  from 
gum<  it  is  obtained-    It  is  obfervable  that  faccharine  fruitsll 

when  four  and  unripe,  are  found  to  contain  gum,  and 
an  acid ;  whence  the  faccharine  matter  feems  to  bjj 
formed  of  thefe  principles.  This  is  rendered  much  morj| 
probable  from  the  confideration  that  gum  and  Kigali 
afford  nearly  the  fame  products  by  heat,  or  by  diftilMjj 
tion  with  the  nitrous  acid,  as  we  mall  hereafter  fhewftf 
Sugar.  Sugar  may  be  reckoned  among  mucilages  or  gumm 

it  appears  to  be  brought  nearer  to  the  faline 
Ardent  fpirit  diflblves  it  as  well  as  water.  The 
liar  tafte  of  this  fubftance  indicates  its  prefences 
number  of  fruits  and  other  vegetables  j  but  it  is  i 
plentifully  obtained  from  the  fugar  cane,  which  j 
Manufacture  of  cultivated  in  warm  climates.    The  juice  of  the 
f"sar"  is  exprefled  by  palling  it  between  two  cylinders  of  j 

placed  perpendicularly.    This  fluid,  which  is 
and  tenaeious,  is  boiled  together  with  lime  and 
and  is  afterwards  fuffered  to  cryftallize  by  ftandir 
a  veflel,  in  the  bottom  of  which  are  holes  imperfed 
flopped,  in  order  that  the  fyrup  may  drain  off. 
procefs  of  refining  fugar  appears  to  be  capable  of 
fiderable  improvement.    It  is  not  clearly  afcer 
what  effect,  the  lime  and  alum  have  upon  the  pix 
but  it  is  highly  probable  that  a  part  of  the  fugaj 
burned  in  the  boiling,  and  converted  into  an 
which  combines  with  the  lime,  and  would  elfe  ii 
-the  cryftallization  of  the  fugar.    The  cor.rfe  fugar  j 
produced,  is  refined  by  fubfequent  folution  in 
and  boiling  with  a  fmall  proportion  of  lime,  togc 
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h  bullock's  blood  or  eggs.    Thefe  fluids,  which  are  vegetable 
irll  ditfufed  through  the  liquor,  have  the  property  of  l^^^^j 
oming  concrete,  as  the  temperature  increafes,  and  Manufafture  of 

in  the  form  of  Ikum  to  the  furface  of  the  fluid, fusau 
•ying  with  them  the  impurities,  and  rendering  it 
re  clear  and  tranfparent.    The  filtered  liquor  is 
ii  either  poured  into  moulds,  in  which,  by  a  con- 
tld  cryftallization,  it  forms  loaf  fugar ;  or  elfe  it  is 

}fed  in  heated  rooms,  where,  by  a  gradual  cryftal- 

:ion,  it  forms  fugar-candy_ 

'he  habitude  of  fugar  with  water  greatly  refembles 
of  falts  ;  but  it  has  not  been  afcertained  that  it 
ains  any  fait  ready  formed,  except  a  fmall  propor- 
of  alkali.    It  is  more  inflammable  than  gums, 
our,  or  the  pulverized  fubftance  of  farinaceous  Flour,  or  the 
;,  has  a  ftrong  analogy  to  the  gummy  and  faccha-  naceousftedT" 
nmucilages.  Thefe  feeds,  if  moiftened,  and  expofed 
moderate  or  fummer  temperature,  become  in  a 
.  meafure  converted  into  faccharine  mucilages,  as 
tens  in  the  procefs  of  converting  barley  into  malt, 
at  flour  may  be. taken  as  an  example  of  the  com- wheat  flour' 

i  on  of  thefe  feeds,  before  they  begin  to  vegetate  waflied  in  water* 
ii.    If  this  be  made  into  a  pafte,  and  warned  in 
!2je  quantity  of  water,  it  is  feparated  into  three 
<£t  fubftances  j  a  mucilaginous  faccharine  matter, 

ii  is  really  diflblved  in  the  liquor,  and  may  be 
lated  from  it  by  evaporation  ;  ftarch,  which  is 
ruled  in  the  fluid,  and  fubfides  to  the  bottom  by 
ij  and  gluten,  which  remains  in  the  hand,  and  is 

|  ious,  very  du&ile,  fomewhat  elaftie,  and  of  a 
11  grey  colour.    The  firft  of  thefe  fubftances 
lot  eflentially  differ  from  other  faccharine  muci- 
E  e'  ^  lages. 
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V  KGETABLE 
PRINCIPLES. 


lages.    The  fecond,  namely  the  ft  arch,  forms  a  glevy 
fluid  by  boiling  in  water,  though  it  is  fcarcely,  if  at 
Starch.      all,  a&ed  upon  by  that  fluid,  when  cold.  Its  habitudes 
and  produ&s  with  the  fire,  or  with  nitrous  acid,  artf 
nearly  the  fame  as  thofe  of  gum,  and  of  fugar.   fi  l 
appears  to  be  as  much  more  remote  from  the  falincl 
ftate  than  gum,  as  gum  is  more  remote  from  that! 
ftate  than  fugar. 

Vegetable  glu-  The  vegetable  gluten,  though  it  exifted  before  thcij 
wafhing  in  the  pulverulent  form,  and  has  acquired  m\f' 
tenacity  and  adhefive  qualities  from  the  water  it  im-jg 
bibed,  is  neverthelefs  totally  infoluble  in  that  fluid.  Itfl 
has  fcarcely  any  tafte*  When"  dry  it  is  femi-tranfpaJf 
rent,  and  refembles  glue  in  its  colour  and  appearanow 
If  it  be  drawn  out  thin,  when  firft  obtained,  it  may  beM 
dried  by  expofure  to  the  air ;  but,  if  it  be  expofed  trjf 
wafmth  and  moifture  while  wet,  it  putrefies  like  aiff 
animal  fubftalice.  The  dried  gluten,  applied  to  mm 
flame  of  a  candle,  crackles,  fwells,  and  burns,  e^a&ljf 
like  a  feather  or  piece  of  horn.  It  affords  the  fa 
produces  by  deftruclive  diftillation  as  animal  mat 
do ;  is  not  foluble  in  ardent  fpirit,  oils,  or  ether ; 
is  acled  upon  by  acids  arid  alkalis,  when  heated. 

r»t  oils.         Fat  oils  are  obtained  by  preffufe  from  the  emulf 

feeds  or  kernels  of  vegetables  :  they  are  generally  flwJ ^ 
in  the  temperature  of  the  atmofphere,  but  fome  f| 
them  have  a  confiderable  degree  of  firmnefs  or  foliditil 
They  have  a  very  fmooth  feel ;  are  moftly  withOB*:;: 
fmcll  or  tafte  ;  require  a  degree  of  heat  much  fuperH^rr, 
to  that  of  boiling  water,  to  caufe  them  to  rife  in  ebi) 
lition  i  and  cannot  be  fct  on  fire,  unlefs  heated  to  Swi^ 
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Tree.    The  ufe  of  the  wick  of  a  lamp  confifts  in  vegetable 
nging  fmall  portions  of  oil  to  its  extremity,  by  the  fRINC^ES; 
illary  attraction,  where  they  become  fucceffively     Fat  oils; 
atilized  and  inflamed.    Oils  are  remarkably  lefs 
orous  than  water,  when  poured  out.    Fat  oils,  not 
rig  at  all  diflipated  by  the  heat  of  the  atmofphere, 
a  permanent  greafy  fpot  when  they  fall  on  po- 
^s  fubftances. 

7hefe  oils  are  decompofed  by  diftillation,  and  afford  —  decompofc  J 

r  ;  %  by  diftillation : 

nail  quantity  of  water  loaded  with  a  peculiar  acid, 

ght  oil,  a  denfe  oil,  inflammable  air,  and  fixed  air. 

;  refidue  confifts  of  a  fmall  quantity  of  charcoal. 

a'at  oils,  by  expofure  to  the  air,  become  rancid  ;  and  —  habitudes 

'  .  with  air,  water, 

tbit  a  difengaged  acid,  which  may  be  wafhed  off  and  various  fub- 
t vater.    When  they  are  expofed  to  the  air,  in  a ftances* 

coat  upon  the  furface  of  water,  they  become  more 
i  lflent,  like  wax,  by  abforbing  the  vital  part  of  the 
cafphere ;  the  aerated  or  dephlogijflicated  marine 
produces  this  change  more  fpeedily.  Agitation 
wvater  feparates  a  mucilage  from  them.  They 
bbine  with  magnefia,  and  with  lime,  which  con* 
them  into  faponaceous  compounds.    With  the 
:  alkalis  they  form  common  foap.    They  do  not     Page  uo. 
\z  with  the  volatile  alkali,  but  by  long  trituration, 
she  mineral  acids  unite  with  fat  oils,  and  form 
"pounds,  or  imperfect  foaps.   Fuming  nitrous  acid 
:;s  them  to  take  fire,  as  has  already  been  obferved.     Page  165. 
ihur  is  foluble  in  fat  oils,  by  a  digefting  heat ;  and 
ladually  depofited  in  part  from  them,  in  a  cryftal- 
form,  by  cooling. 

lefe  fulphureous  compounds  are  called  balfams 
lphur. 

E  e  3  Bitumens 
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VOLATILE  OILS, 


VEGETABLE 
PRINCIPLES. 


Volatile  or  ef- 
fential  oils : 


—  obtained  by 

preffure  or  by 
diftillation  ; 


—  are  inflam- 
mable. 


Combinations. 


Bitumens  and  amber  are  foluble  in  fat  oils,  and  form 
varnifhes. 

Volatile  or  eflential  oils  have  ufually  a  ftrong  aro- 
matic fmell,  are  fufBciently  volatile  to  rife  with  the 
heat  of  boiling  water,  and  are  in  general  foluble  ia 
fpirit  of  wine.  They  exift  in  almoft  all  fragrant  ve» 
getables ;  and  in  the  various  plants  they  are  found 
either  in  the  wood,  the  root,  the  bark,  the  leaves,  the 
flowers,  the  fruits,  &c.  They  differ  very  much  in  thei 
degree  of  fluidity  they  polfefs  at  a  common  temper* 
ture,  and  their  colours  are  various.  They  are  ob- 
tained either  by  exprefhon,  as  from  the  peel  oi 
oranges  and  lemons,  or  by  diftillation  with  water 
Some  eflential  oils,  fuch  as  thofe  of  cinnamon,  fafla- 
fras,  and  other  foreign  plants,  fink  to  the  bottom  o. 
the  water,  with  which  they  come  over ;  others  floa 
at  the  top.  It  is  eafy  to  diftinguifh  the  adulteratior 
of  volatile  oils,  either  by  pouring  ardent  fpirit  upoi 
them,  which  will  not  diflblve  the  fat  oil  they  may  fx 
contaminated  with;  or  if  they  be  dropped  on  paper 
and  held  to  the  fire,  in  this  cafe  they  leave  a  greaf] 
fpot  behind.  If  oil  of  turpentine  be  fraudulent!; 
added  to  them,  its  fmell  betrays  its  prefence  wh 
treated  in  this  manner. 

Volatile  oils  are  very  inflammable.  By  expofure  fc 
air,  they  become  thick  in  procefs  of  time,  and  aflum 
the  character  of  refins. 

They  unite  with  difficulty  to  lime  and  alkalis.  Thfl 
vitriolic  acid  converts  them  into  bitumens  j  but,  ii 
diluted,  it  renders  them  faponaceous,  as  does  likewM 
the  muriatic  acid.    Nitrous  acid  inflames  them. 

They  unite  very  readily  with  fulphur,  and  form  bal 

fam 
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fams.    Mucilages  and  fugar  render  them  foluble  or  vegetable 

s-n-  rtl  4.~-     1  •  '    ■  PRINCIPLES. 

Jifrufible  m  water.  t  j 

Camphor  is  a  peculiar  vegetable  fubftance,  which  Camphor, 
refembles  volatile  oil,  and  is  in  fa£t  depofited  from 
fome  of  the  volatile  oils  by  long '  (landing.    It  has 
been  obtained  in  fmall  quantities  by  diftillation  with 
water  from  thyme,  rofemary,  fage,  and  other  fra- 
grant plants.    The  camphor  of  commerce  is  ob- 
tained fiom  a  fpecies  of  laurel,  which  grows  in  China 
md  the  Indian  iflands,  by  diftillation  of  the  wood  and 
)ther  parts  of  the  tree  with  water.    The  camphor 
■ifes  by  the  heat,  and  is  afterwards  purified  by  a  repe- 
i  ition  of  the  procefs,  with  the  addition  of  about  one- 
vwelfth  of  its  weight  of  lime. 

This  fubftance  is  much  more  volatile  than  efiential  Charaftcrs  of 
ils.  It  cannot  be  preferved  without  lofs,  but  mcamPhor: 
lofed  vfiflels,  and  even  in  thefe  it  fublimes  by  the 
teat  of  fummer.  Water  does  not  diiTolve  it  j  but  it 
>  plentifully  foluble  in  fpirit  of  wine,  in  ether,  and 
1  concentrated  acids ;  from  all  which  it  is  feparated, 
dthout  alteration,  by  the  addition  of  water.  Fixed 
ad  volatile  oils  diflblve  camphor,  with  the  alhftance 
f  heat,  and  depofit  cryftals  in  the  form  of  a  beau- 
fiil  vegetation  by  cooling. 

A  peculiar  acid  is  formed  by  diftillation  of  the  hi  its  acid. 

S  acid  from  this  fubftance. 
Refins  are  dried  juices  of  plants,  which  are  of  the  Refins,  how  ob- 
lature  of  efiential  oil.  They  ufually  flow  from  wounds tauicd- 
hade  in  the  trunks  of  trees  for  that  purpofe.  Fragrant 
rtfins  have  been  diftinguifhed  by  the  name  of  balfams. 
i.lmoft  all  the  concrete  juices,  diftinguiihed  by.  the 
ime  of  refins,  are  foluble  in  ardent  fpirit. .  Water 
.   .        ,  £  e  4,  duTolves 


424 


RESINS,     AROMATIC  PRINCIPLE. 


Refinous  fub- 
ftancc^. 


vegetable  diflblves  none  of  them.  They  are  inflammable,  and 
burn  with  much  fmoke.  In  clofed  veffels  they  do  not 
rife  wholly  by  heat,  like  efiential  oils,  but  are  decom- 
pofed. 

A  very  confiderable  number  of  refinous  fub fiances 
are  known  and  ufed  in  the  arts.  Common  refin  of  the 
pine,  the  refin  of  the  fir,  pitch,  tar,  and  turpentine,  are 
among  thofe  which  are  foluble  in  fpirit  of  wine,  and 
are  of  the  nature  of  efiential  oils.  Copal,  and  the  elaf- 
tic  fubftance  called  caoutchouc,  which  is  the  infpifiated 
juice  of  a  tree  from  Africa,  are  ufually  reckoned 
among  refins  ;  though  neither  fpirit  of  wine  nor  water 
difiblves  them.  They  are  foluble  however  in  oils,  by 
the  afliftance  of  heat,  and  feem  to  be  of  the  nature  of 
fat  oils.  The  juices  called  gum  refins  are  varioufly 
foluble  in  the  different  menftruums,  according  to  the 
nature  and  abundance  of  their  component  parts. 


Principle  of 
fmell  in  vege- 
tables. 


The  principle  of  fmell  in  plants  appears  to  be 
an  exceedingly  fubtile  nature.  It  feems  in  general 
refide  in  the  efiential  oil,  and  compofes  an  extremel 
fmall  part  of  the  weight  of  vegetables,  as  may  be  in 
ferred  from  the  lofs  of  fragrance  fuftained  by  efienti 
oils,  with  little  or  no  lofs  of  their  weight.  This  how 
ever  doe6  not  neceffarily  fuppofe  that  the  whole  princi 
pie  of  fmell  has  flown  off ;  becaufe  it  may  with  equa 
probability  be  fuppofed  to  have  entered  into  combina 
tion  with  fome  of  the  other  principles  of  the  fubflanc 
which  afforded  it.  Diftillation  with  fpirit  of  wine 
ufed  to  extract,  the  fragrant  principle  from  plants.  . 
Confiderable  proportion  of  this  matter  may  be  obt.iine 
by  diftillation  with  water,  in  which  it  comes  ov 

5  probab 


VEGETABLE  COLOURING  MATTER. 


>robabIy  cliffufed  with  a  fmall  proportion  of  eflential  vegetable 
It  has  been  fuppofed  to  confift  of  an  elaftic  fluid  fR1NC"L£S  j 
>f  a  peculiar  nature. 

The  knowledge  of  the  colouring  matters  of  vege-  Colouring  mai- 
lables is  of  great  importance  to  fociety,  as  the  art  of ters ' 
ying  depends  on  the  application  of  thefe  fubftances. 
luch  however  remains  to  be  afcertained  concerning 
uem.    If  the  doctrine  of  Newton  were  incontro- 
rertibly  eftablifhed,  that  the  colours  of  bodies  depend 
)lely  upon  the  magnitude  of  the  integrant  particles 
f  bodies,  we  might  aflert,  without  hefitation,  that 
1  the  principles  of  bodies  might  be  applied  in  theory 
>  the  production  of  any  affignable  colour ;  and  we 
light  thence  infer,  that  the  colour  of  plants  is  not 
oduced  by  the  diffufion  of  coloured  particles  of  any 
urticular  kind,  but  by  the  configuration  of  the  parts 
Iken  in  general.  But  we  are  not  fufficiently  advanced 
any  part  of  the  knowledge  of  nature,  to  reafon 
.th  fafety,  without  conftant  recurrence  to  the  teft 
experiment.    In  this  way  we  find  that  the  chemical  —  are  taken  up 

h>  .  .  .    n  ,      .         ,  r    ,    .   by  chemical  fol- 

Iwents,  in  many  initances,  deprive  plants  of  their  vcnts, 
|:  lour,  at  the  fame  time  that  they  themfelves  acquire 
doubtlefs  by  folution  of  the  colouring  matter, 
,iich  they  again  depofit  upon  bodies  prepared  for  that 
l^rpofe.  Water  diflblves  the  colouring  matter  of  va- 
|uus  fubftances,  fuch  as  logwood,  madder,  &c.  The 
|kfFs  to  be  dyed  require,  in  many  cafes,  the  previous 
(nking  in  a  folution  of  alum,  vegetable  alkali,  or 
ler  falts,  to  prevent  their  giving  the  colour  out 
bin  to  water.  Other  colouring  principles  are  folu- 
:  in  oils,  fuch  as  alkanet  j  and  many  which  are  not 

foluble 
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PRINCIPLES 
Art  of  dying. 


vegetable  foluble  in  water,  are  taken  up  by  that  fluid,  by  the 
intervention  of  an  alkali.  The  art  of  dying,  or  of 
fixing  colouring  matter  upon  various  fluffs,  appears  to 
depend  upon  the  chemical  affinities  of  the  colourin] 
matters  either  with  the  Huffs  themfelves,  or  the  mal 
ters  in  which  they  are  previoufly  infufed.  The  con 
tion  required  in  a  good  dye  appears  to  be,  that 
colouring  matter  fhali  be  precipitated  on  the  ftufF,  an< 
form  a  compound  not  foluble  in  the  liquids  to  whii 
the  fluff  will  probably  be  expofed.  Thus,  for  exam- 
ple, printed  or  dyed  linens  or  cottons  ought  to  refill 
the  action  of  foap  and  alkalis ;  and  woollens  ought 
more  particularly  to  withfland  the  action  of  acidfc^ 
fuch  as  lemons,  vinegar,  &c.  which  may  acciden 
fall  on  them. 

Certain  colours,  called  lakes,  are  prepared  by  diffolv- 
ing  the  vegetable  colouring  matters,  and  precipitatin] 
them  by  the  addition  of  fome  other  fubflance.  Thi 
for  example,  if  madder  be  boiled  in  water  togeth* 
with  an  alkali,  and  alum  be  then  added,  the  eai 
of  the  alum  will  be  precipitated  together  with  th< 
colouring  matter,  with  which  it  will  form  an  infolubl< 
pigment. 


h  ' 
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SALINE  PRINCIPLES  OF  PLANTS, 


CHAP.  III. 


::erning  the  saline  principles  of  plants 
lbtained  by  pressure,  or  by  the  appli- 
cation of  water  or  ardent  spirit; 
particularly  the  acids  of  lemons, 
of  apples,  of  nut-galls,  and 
of  benzoin. 

HE  faline  principles  of  plants  are  either  fuch  as  vegetable 
are  found  in  the  mineral  kingdom ;  namely,  t   sa^ts.  ^ 
(Mated  tartar,  Glauber's  fait,  nitre,  common  fait,  Mineral  faits 
the  fixed  alkalis  ;  or  they  are  fuch  as  are  pe-  bksl  m  vegm" 
-  to  this  kingdom.    The  mineral  falts  are  fup- 
il  to  have  entered  into  the  veffels  of  the  plants 
ti  afford  them,  and  to  have  remained  there  un- 
;  d.    The  falts  peculiar  to  vegetables  are,  for  the  Peculiar  falts 
part,  of  an  acid  nature.    They  confift  of  the  nunt' 
of  lemons  and  of  apples,  which  are  obtained  in 
tvpure  (late  by  preflure ;  the  acid  of  nut-galls, 
:he  acid  of  benzoin    the  falts  of  tartar  and  of 
,,  which  contain  a  portion  of  alkali;  and  fuch 
as  are  formed  by  diftilling  the  nitrous  acid  from 
able  fubftances,  which  are  thofe  of  fugar,  cam- 
cork,  &c.    Deftru&ive  diftillation  like  wife  de- 
:ts  or  forms  peculiar  acids.    Thofe  obtained  from 
from  mucilage  or  fugar,  and  from  wood,  have 
been  examined. 


The 


ACID  OF  LEMONS. 


vegetable      The  juice  of  lemons,  or  limes,  has  all  the  chai 


AC1DS-  j  ters  of  an  acid  of  confiderable  ftrength.    On  accov 


Various  methods  of  the  mucilaginous  matter  with  which  it  is  mixed  ' 
knion.juic-c^  its  ftate,  it  is  very  foon  altered  by  fpo'ntaneouj 
decompofition.  Various  methods  have  been  contrivci 
to  prevent  this  effect  from  taking  place,  in  order  thai 
this  wholefome  and  agreeable  acid  might  be  prefervei 
for  ufe  in  long  voyages,  or  other  domeftic  occafion^ 
—  by oil:  The  juice  may  be  kept  in  bottles  under  a  thin  ftratuj 
of  oil,  which  indeed  prevents,  or  greatly  retards,  if 
total  decompofition  j  though  the  original  frefli  tafll 
foon  gives  place  to  one  which  is  much  lefs  grate 

—  by  cvapora-  In  the  Eaft  Indies  it  is  evaporated  to  the  confift 

of  a  thick  extract.    If  this  operation  be  carefully 
formed  by  a  very  gentle  heat,  it  is  found  to  be 
effectual.  '  When  the  juice  is  thus  heated,  the 
lage  thickens,  and  feparates  in  the  form  of  fl 
.  part  of  which  fubfides,  and  part  rifes  to  the  fu 
thefe  muft  be  taken  out.    The  vapours  which  a 
are  not  acid.    If  the  evaporation  be  not  carried 
far  as  to  deprive  the  liquid  of  its  fluidity,  it  may 
long  preferved  in  well-clofed  bottles  ;  in  which, 
fome  weeks  Handing,  a  farther  portion  of  muc' 
is  feparated,  without  any  perceptible  change  in  t 
acid. 

—  by  freezing.      Of  all  the  methods  of  preferving  lemon  juice 

of  concentrating  it  by  froft  appears  to  be  the  be 
though,  in  the  warmer  climates,  it  cannot  conveniq 
be  practifed.    Lemon  juice,  expofed  to  the  air 
temperature  of  between  500  and  6o°,  depofits  in  a  f 
hours  a  white  femi-tranfparent  mucilaginous  mi 
which  leaves  the  fluid,  after  decantation  and  filtrati 
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I  lefs  alterable  than  before.  This  mucilage  is  vegetable 
f  a  gummy  nature,  but  refembles  the  gluten  of  t    A<^DS*  j 

I I  in  its  properties  :  It  is  not  foluble  in  water,  Depuration  of 

1  dried.    More  mucilage  is  feparated  from  le-  mons    °f  ^' 
i  juice  by  ftandihg  in  clofed  veflels.    If  this  de- 
ted  lemon  juice  be  expofed  to  a  degree  of  cold  —  by  congela- 
:.iout  feven  or  eight  degrees  below  the  freezing  tl0n  * 

the  aqueous  part  will  freeze,  and  the  ice  may 
..*ken  away  as  it  forms ;  and  if  the  procefs  be 
nued  until  the  ice  begins  to  exhibit  figns  of 
ty,  the  remaining  acid  will  be  found  to'  be  re- 
1  to  about  one-eighth  of  its  original  quantity, 
e  fame  time  that  its  acidity  will  be  eight  times 
:enfe  ;  as  is  proved  by  its  requiring  eight  times 
quantity  of  alkali  to  faturate  an  equal  portion 
This  concentrated  acid  may  be  kept  for  ufe  ; 
preferred,  it  may  be  made  into  a  dry  lemonade, 
Iding  fix  times  its  weight  of  fine  loaf  fugar  in 
ter  *. 

t.e  above  procefTes  may  be  ufed  when  the  acid  —by  the  chemi- 
:Tions  is  wanted  for  domeftic  purpofes  ;  becaufe  Cal  affil"tics* 
ieave  it  in  pofleflion  of  the  oils,  or  other  princi- 
on  which  its  flavour  peculiarly  depends.    But  in 
ical  refearches,  where  the  acid  itfclf  is  required 
had  in  the  utmoft  purity,  a  more  elaborate  pro- 
?nuft  be  ufed.    Boiling  lemon  juice  is  to  be  fatu- 
with  pov/dered  chalk,  whofe  weight  is  to  be 
The  neutral  faline  compound  is  fcarcely  more 
de  in  water  than  felenite  :  it  therefore  falls  to  the 
m;  while  the  mucilage  remains  fufpended,  in 


Gcflrgius,  quoted  by  Fourcroy,  iv.  33. 

the 


43° 


ACID  OF  LEMONS; 


teqetable  the  watery  fluid  which  mufl  be  decanted  off.  The 

ACIDS. 


Depuration  of 
acid  of  lemons. 


Ghara&ers. 


maining  precipitate  muft  then  be  wafhed  with  wax 
water  until  it  comes  off  clear.  To  the  powder,  th 
edulcorated,  a  quantity  of  vitriolic  acid,  fumcieat 
faturate  the  chalk,  and  diluted  with  ten  parts  of  waft 
muff  be  added,  and  the  mixture  boiled  a  few  minut! 
The  vitriolic  acid  combines  with  the  lime,  and  fore 
felenite,  which  remains  behind  when  the  cold  liqu 
is  filtered ;  while  the  difengaged  acid  of  lemons  i 
mains  diffolved  in  the  fluid.  This  laft  muft  be  i 
porated  to  the  confiftence  of  a  thin  fyrup ;  and  vk 
olic  acid  mufl  be  then  added  in  fmall  portions, 
precipitate  the  lime,  if  ,any  mould  flill  remain 
combination  with  acid  of  lemons.  When  no  mc 
precipitate  is  afforded  by  the  addition  of  vitriol 
acid,  a  farther  evaporation  feparates  the  pure  acid 
lemons  in  cryftals.  It  is  neceffary  that  the  vitrio 
acid  laft  added  fliould  be  rather  in  excefs ;  becai 
the  prefence  of  a  fmall  quantity  of  lime  will  prew 
the  cryftallization.  This  excefs  will  be  found  in  t 
mother  water  *. 

The  concrete  acid  of  lemons  remains  confiftent 
the  air,  is  very  foluble  in  water,  and  exhibits  ftp 
acid  properties.  Its  watery  folution  is  decompofed 
a  flow  putrefaction.  It  unites  with  the  alkalis 
earths,  iilex  excepted-,  and  forms  peculiar  neu 
falts,  which  have  not  yet  been  much  examined.  St 
ral  of  the  metallic  fubftances  are  likewife  a&'ed  u 
by  it  •>  and  it  would  probably  diffolve  all  their  calcft 


*  Scheclc's  Eifays,  Eng.  Traiiflation,  p.  3615  or  Crcll's  J< 
nal  for  1784. 
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he  acid  which  abounds  in  four  or  unripe  fruits  vegetable 
bits  diftincl:  properties.    As  it  is  plentifully  ob-  t    acids.  ^ 
from  apples,  the  nrft  examiner,  Scheele,  has  Method  of  puri- 
nominated  it  the  acid  of  apples.    In  order  to  obtain  SSgf*  acidof 
ie  juice- of  fouT  apples  is  exprefled  from  the  fruit, 
faturated  with  vegetable  alkali.    To  this  liquor 
lution  of  the  vitriolic  fait  of  lead  muft  be  very 
mally  added.   A  double  decompofition  takes  place, 
vitriolic  acid  combines  with  the  alkali,  and  forms 
olated  tartar ;  at  the  fame  time  that  the  acid 
pples,  uniting  with  the  lead,  forms  an  infolublc 
ipitate.    When  the  precipitate  nearly  ceafes  to 
down,  the  folution  of  fugar  of  lead  muft  be 
cd  cautioufly,  by  a  drop  at  a  time,  until  no  more 
ipitate  is  afforded.    The  vitriolated.  tartar  may 
rallied  off  from  the  precipitate  ;  and  diluted  vi- 
le- acid  being  then  poured  on  the  precipitate,  fugar 
::ad  is  again  formed,  and  the  acid  of  apples  is  fet 
»erty. 

fuch  fruits  as  contain  the  acid  of  lemons  as  well  Separation  of  tfce 
aat  of  apples,  the  feparation  of  one  from  the.  other  and  of°ap.pkL0_S 
.compliihed  by  the  following  procefs.    The  juice 
:  ;oofeberries,  for  example,  is  evaporated  to  the 
iftence  of  fyrup  :  pure  ardent  fpirit  being  poured 
u  this,  diflblves  the  acids,  and  leaves  the  muci- 
,«  which  may  be  feparated  by  filtration.  The 
nt  fpirit  being  then  evaporated,  ana!  water  added, 
Acids  muft  be  faturated  with  chalk.    The  folution 
ig  boiled  for  a  few  minutes,  the  calcareous  fait 
rmons  falls  to  the  bottom,  on  account  of  its  difBcult 
Dility ;  while  the  other  fait,  confiding  of  the  acid 
pples,  united  to  lime,  remains  fufpended,  and  may 

confe- 
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vegetable  confequently  be  decanted  off.  This  neutral  fait  Ho 
being  foluble  in  fpirit  of  wine,  may  be  precipitated  b 
the  addition  of  a  proper  quantity  of  that  fluid  ;  which 
at  the  fame  time,  deprives  it  of  a  portion  of  fapona 
Acid  of  apples,  ceous  and  faccharine.  matter.  The  coagulum,  or 
cipitate,  which  confifts  for  the  moft  part  of  the 
of  apples,  perfectly  neutralized  by  lime,  may  be  d 
folved  in  boiling  water.  An  addition  of  fugar  of ) 
forms  a  precipitate  by  double  affinity,  as  in  the 
cafe,  confifting  of  the  acid  of  apples  united  to  le 
and  this  warned  precipitate  may  be  decompofed  by 
addition  of  diluted  vitriolic  acid,  which  combines 
the  lead,  and  fets  the  acid  of  apples  at  liberty. 
Charadlers.  This  acid  exhibits  peculiar  properties.  It  cam 
be  obtained  in  cryftals ;  and  forms  deliquefcent  Mi 
with  the  three  alkalis,  and  alfo  with  magnefia. 
faline  combination  with  lime  is  cryftallizable ;  anj 
with  clay  it  forms  a  fait  of  very  fparing  folubility. 
diflblves  iron,  with  which  it  forms  a  fait  that  does 
cryftallize.  With  zinc,  it  forms  a  fait  which  af 
beautiful  cryftals.  It  precipitates  the  nitrous  folutic 
of  mercury,  lead,  filver,  and  gold,  in  the  metallic  flat 
when  nitro/iis  acid  is  diftilled  from  it,  it  is  convert 
into  acid  of  fugar. 


The  aftringent 
principle. 


Many  vegetable  fubflances,  fitch  as  the  hoiks  di 
nuts,  the  bark  of  the  oak,  the  nut-gall,  and  oth 
vegetable  matters,  abound  with  a  fubflance  which 
been  diftinguifhed  by  the  name  of  the  aftringent  p: 
ciple.    Its  diftinguifhing  character  is  that  of  prec 
pitating  iron  from  its  folutions  in  acids,  of  a  blac 
colour.  The  nut-gall  is  chiefly  ufed  for  this,  and  oth 

purpofi 
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ifes  wherein  the  application  of  this  property  is  vegetable 
ced ;  and,  as  it  refembles  acids  in  its  properties,  t  AC*DS'  ^ 
iinciple  has  been  called  the  acid  of  galls. 

acid  of  galls  is  obtained  by  macerating  the  Acid  of  galls  • 
.Ml  in  water.    This  infufion  reddens  turnfole  and  "ion'"0  in  °  u 
>aper.    The  acid  is  foluble  in  oils,  ardent  fpirit, 
•.ther.    Acids  diflblve  it,  without  impairing  its 
rty  of  forming  a  black  precipitate  with  the  folu- 
}f  iron  :  the  diftilled  produces  of  nut-galls  like- 
:>oiTefs  the  fame  property.    It  decompofes  mc- 
.olutions,  and  combines  with  their  calces :  gold 
.  ver  are  precipitated  by  it  in  the  metallic  ftate. 

upon  and  diflblves  iron  directly. 
.  obtain  the  acid  of  nut-galls  in  a  cryftallized  —in  the  cryft.il- 
rone  pound  of  the  powder  of  galls  muft  be  added  hzed  f°rm* 
pounds  of  di Hilled  water,  and  left  to  digeft  for 
light,  at  the  temperature  of  between  70  and  80 
s 5  after  which,  the  fluid  muft  be  filtered,  and 
evaporate  fpontaneoufly  in  the  open  air,  in  a 
/are  or  glafs  veflel.    The  fluid  becomes  mouldy, 
vered  with  a  thick  glutinous  pellicle;  abundance 
inous  flocks  fall  down  ;  and  in  the  courfe  of 
■  three  months  the  fides  of  the  veflel  appear 
1  with  fmall  yellowifh  cryftals,  which  are  like- 
cry  abundant  at  the  under  furface  of  the  pellicle 
covers  the  liquor.    The  fluid  muft  then  be  de- 
j;  and  ardent  fpirit,  being  poured  upon  the  mu- 
ms depofition,  the  cryftals  and  the  pellicle,  dif- 
ahe  fait  by  the  afliftance  of  heat,  without  touching 
tcilage  ;  and,  by  evaporation  of  this  fpirituous 
J,  the  pure  gallic  acid  is  obtained  in  fmall  bril- 
lyftals,  of  a  grey  colour  inclining  to  yellow. 

F  f  This 
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This  acid,  on  account  of  its  long  expofure  to  m 
air,  may  confift  either  of  a  principle  exifting  in  thj 
Page  300.        galls,  or  of  that  principle  converted  into  an  acii 

General  charac-  T   1        1      r  n      •  •         t  -  • 

ters  and  habi-  "  has  the  following  properties  :  It  precipitates  martii 


tudes  oi  the  acid  vitrioi        j     th      falt    Qf  ;  of  a  beautiful  blij 

of  galls.  *  7 

colour,  and  ftrongly  reddens  the  tincture  of  turni 

when  heated,  with  conta£l  of  air,  it  fwells 

burns,  leaving  a  coal  behind  of  difficult  incin 

by  diltillation,  with  a  gentle  heat,  part  of  tin 

comes  over  diflblved  in  the  water  of  cryftallizal 

another  portion  fublimes  undecompofed  in  the  f< 

filky  cryftals  ;  and  a  ftrong  heat  feparates  a  few 

of  oil,  with  fixed  and  inflammable  air. 

The  acid  of  galls  is  foluble  in  twenty-four  p 

cold  water,  or  three  of  boiling  water.    It  is 

more  foluble  in  fpirit  of  wine  ;  four  parts  of  this 

fufficient  at  the  common  temperature,  or  one 

boiling  hot.    With  lime,  magnefia,   or  pond 

earth,  it  forms  falts  which  are  foluble  in  wat 

unites  readily  with  the  alkalis,  and  forms  comp 

which  have  not  been  much  attended  to.  The  a 

of  the  nitrous  acid  converts  it  into  the  acid  of  fui 

This  acid  precipitates  gold,  filver,  mercury,  col 

iron,  and  bifmuth,  from  their  folutions  ;  but  it  djf 

not  affect  thofe  of  platina,  zinc,  tin,  cobalt, 

manganefe* 


Benzoin.         The  fragrant  refin,  called  benzoin,  affords  a  p 
liar  concrete  acid  by  fublimation,  which  is  about 
tenth  of  the  weight  of  the  refin  itfelf,  but  vari 
different  fpecimens.    This  acid  exifts  ready  f&W'' 
in  the  benzoin  j  but  cannot  eafily  be  waflied  ou|lc 
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ter,  on  account  of  the  refin  which  defends  it.  The  vegetable 
;t  method  of  obtaining  it,  in  the  humid  way,  is  the  ^_H^J^— j 


lowing :   Lime-water  is  made  by   flacking  four  Method  of  ob- 

*       .  ,   «.  -i  t  r  taining  the  acid 

nces  of  quick-hme  with  twelve  ounces  ol  water  j  0f  benzoin  in 
H,  as  foonas  the  ebullition  is  over,  eight  pounds thc  humidwa>'« 
re  of  water  are  to  be  added.    Six  ounces  of  this 
ite-water  are  to  be  mixed  by  agitation  with  one 
und  of  benzoin  in  powder,  and  the  whole  of  the 
ee-water  is  then  to  be  added  ;  the  mixture  being  ex- 
ed  to  heat  over  a  gentle  fire  for  half  an  hour  (dur- 
which  time  it  muft  be  continually  agitated,  to 
vent  the  powder  from  coagulating),  is  afterwards 
ered  to  cool,  and  fettle  for  feveral  hours.  The 
nr  liquor  muft  then  be  decanted,  and  the  refidue 
ed  for  half  an  hour  with  eight  pounds  of  water ; 
ch,  after  fubfidence  and  decantation,  muft  be  added 
tthe  clear  fluid  of  the  firft  boiling.    The  ebullition 
ie  refidue  of  the  matter  muft  be  again  twice  re- 
ed, and  the  decanted  lixiviums  added  to  the  fore- 
lg.    All  thefe  waters  are  then  to  be  evaporated 
wo  pounds ;  during  which  operation  a  fmall  quan- 
of  refin  falls  down.    When  the- evaporated  liquor 
Dol,  a  quantity  of  marine  acid  muft  be  added  drop 
drop,  with  conftant  ftirring,  till  there  be  no  more 
•ipitation,  or  till  the  mafs  has  a  fourilh  tafte.  The 
:ipitate  is  the  acid  of  benzoin. 

'he  rationale  of  the  above  procefs  is  this :  The  Rationale. 
:  unites  with  the  acid  of  benzoin  during  the  ebul- 
the  evaporation  feparates  a  fmall  quantity  of 
i;  and  diminiihcs  the  aqueous  fluid  fo  much,  that 
Ihe  fubfequent  part  of  the  operation  the  acid  of 
:oin  may  fall  down,  and  be  feparated  for  want  of 

Ff2  a  fufli- 
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vegetable  a  fufficie'nt  quantity  of  water  to  diflblve  It.    The  mid 
t    acids.  ^  rjn£  acj^  wnich  is  aclded  laft  of  all,  feizes  the  lime 
Method  of  ob-  by  its  ftronger  affinity,  and  forms  a  foluble  fait ;  while 
If' benzoin.6  ^  ^e  ac^  °^  benzoin,  which  is  difengaged,  falls  down, 
on  account  of  its  fparing  folubility.    The  acid  thus 
obtained  has  the  form  of  a  very  fine  powder.    If  it  be 
required  in  the  form  of  fdky  threads,  it  may  be  dif- 
folved  in  boiling  water,  and  {trained  through  a  cloth. 
As  cold  water  diflblves  little  more  than  one  five 
hundredth  part  of  its  weight,  though  boiling  water 
diflblves  about  one  twentieth  of  this  acid,  the  gre; 
part  of  the  acid  feparates  by  cooling. 
Its  chara£lers.       The  acid  of  benzoin  combines  with  the  foluble  eai 
and  alkalis,  and  forms  compounds,  which  have 
little  attended  to.    It  is  foluble  in  the  vitriolic 
nitrous  acids  •,  and  may  be  again  feparated,  withe 
alteration,  by  the,  addition  of  water.    Its  habitue 
'  with  thefe  acids,  particularly  the  latter,  when  heat 
have  not  been  fatisfaclorily  afcertained.    If  its  nz 
be  changed  by  diitillation  with  nitrous  acid,  it  fe 
probable  that  it  is  efFecT:ed  with  much  more  diffici 
than  is  experienced  with  other  vegetable  acids. 
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CHAP.  IV. 


SCERNINC    THE    ACIDS    OF    TARTAR    AND  OF 

SORREL. 

*HE  two  acids  which  are  ufually  found  in  com-  vegetable 
bination  with  a  portion  of  the  vegetable  alkali,  t    acids.  ^ 
the  acid  of  tartar  and  of  wood  forrel.    Tartar  Tartar, 
for  a  long  time  been  confidered  as  one  of  the 
iuc~b  of  the  vinous  fermentation    but  it  exifts 
ly  formed  in  mult,  in  verjuice,  and  is  likewife 
ined  in  other  chemical  procefles  with  vegetables, 
vever,  it  is  obtained,  for  all  the  purpofes  of  com- 
ce,  from  wine ;  during  the  infenfible  fermentation 
I  vhich  liquid,  it  is  gradually  depofited  on  the  fides 
he  calks.  /, 
rude  tartar  is  feldom  ufed  in  medicine,  or  philo-  Cream  an4  cryC 
iiical  chemiftry ;  the  refined  tartar  is  known  by  the 
ke  of  cream,  or  cryftals,  of  tartar.  The  purification 
his  fait  is  effected  by  diflblving  it  in  boiling  water, 
ring  and  fuffering  it  to  cryftallize  by  cooling ;  the 
tals  are  again  boiled,  together  with  an  argillaceous 
vh,  to  deprive  them  of  their  impurities,  which  are 
i  fully  fcummed  ofF ;  or  elfe  with  whites  of  eggs, 
ch  anfwer  the  fame  purpofe.    When  no  more 
<n  arifes,  a  faline  pellicle  is  formed  at  the  top  of 
liquor,  at  the  fame  time  that  the  cryftallization 
.  forward  at  the  bottom.    This  fait,  after  the  earth 
allied  off  with  cold  water,  is  fold  under  the  name 
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Charafters  of 
purified  tartar, 


vegetable  of  cream,  and  cryftals  of  tartar.  The  cream  of  tar- 
tar  confifts  of  the  minute  cryftals  which  are  formed 
at  the  top  of  the  liquor,  and  the  cryftals  of  tartar  are 
formed  at  the  bottom. 

The  tafte  of  this  purified  fait  is  lefs  vinous  than 
that  of  the  crude  tartar.  When  expofed  to  heat,  it 
boils  up,  emits  an  epyreumatic  fmell,  and  becomes 
black  and  coaly  j  a  ftronger  heat  in  an  open  fire 
entirely  diflipates  its  acid  part,  and  leaves  the  vegeta- 
ble alkali  in  a  mild  ftate,  or  combined  with  fixed  air. 
Its  volatile  products,  by  a  gradual  fire,  are  water,  an 
acid,  and  an  epyreumatic  oil,  which  is  followed  by 
fome  volatile  alkali,  and  a  large  quantity  of  fixed  air. 
,  »  Cryftals  of  tartar  are  foluble  in  twenty-eight  parts  of 
boiling  water ;  three-fourths  of  the  fait  are  depofited 
in  cooling.  If  the  folution  of  this  fait  be  left  expofed 
to  the  air,  it  is  very  flowly  decompofed ;  mucilage 
is  depofited,  the  acid  difappears,  and  after  eighte 
months  the  liquid  is  found  to  contain  the  vegeta 
alkali,  amounting  to  nearly  one-fourth  of  the  weight 
of  the  tartar.  This  quantity  of  alkali  being  nearly 
the  fame  as  is  afforded  by  the  incineration  of  tartar,  II 
is  a  proof  that  the  vegetable  alkali  is  not  a  product  of  l| 
fire,  as  was  formerly  fuppofed. 
Habitudes.  The  habitudes  of  tartar  with  clay  and  ponderous  n 
earth  have  not  been  afcertained.  Magnefia  forms  withjl 
it  a  foluble  fait.  Chalk  unites  with  the  excefs  of  acid II 
in  the  tartar,  and  feparates  the  neutral  fait ;  confiding!! 
of  the  vegetable  alkali,  faturated  with  the  tartareousj! 
Soluble  tartar,  acid,  which  is  known  by  the  name  of  foluble  tartar.lg 
If  the  vegetable  alkali  be  added  to  a  folution  of  creaitiB 
of  tartar,  in  fuch  a  quantity  as  to  faturate  it,  the  &mem 
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ral  fait,  or  folubie  tartar,  will  be  formed.  This  vegetable 
La  bitter  tafte,  and  is  decompofed  by  heat,  affording  v    AC^DS-  ^ 

fame  volatile  produces  as  cream  of  tartar.    It  is  Soluble  tartar, 
bble  in  four  parts  of  water  heated  to  no°,  and 

-ds  cryftals  which  are  flightly  deliquefcent. 

:  is  a  curious  fa£l,  though  by  no  means  fingular  Curious  fa<3. 
IJie  hiftory  of  neutral  falts,  that  two  very  folubie 
ttances,  fuch  as  the  vegetable  alkali,  and  the  acid 
xaTtar,  {hould  compofe  a  fait  of  fo  little  folubility 

he  cryftals  of  tartar ;  more  efpecially,  as  the  point 
'the  greateft  difficulty  of  folution  is  not  that  at 
c.ch  they  are  faturated,  but  that  in  which  the  acid 
confiderably  abounds. 

tf  to  twenty  ounces  of  purified  tartar,  diffolved  in  Manufafture  of 
rr  pounds  of  boiling  water,  the  pure  cryftallized Roc  ielle 
\eral  alkali  be  added,  until  the  faturation  be  com- 
fte,  as  may  be  judged  by  any  additional  quantity 
educing  no  effervefcence  ;  the  alkali  laft  added  will 
nibine  with  the  fuperfluous  acid  of  the  tartar,  and 
rnn  the  neutral  combination  called  the  fait'  of  Seig- 
tte,  or  Rochelle  fait ;  at  the  fame  time  that  the  refi- 
ll of  the  tartar  will  become  converted  into  folubie 
:ar.    By  evaporating  the  liquor  nearly  to  the  con- 
ence  of  fyrup,  the  Rochelle  fait  is  obtained  in 
mtiful  regular  prifms,  of  fix  or  eight  fides,  which 
orefce  in  the  air,  and  are  decompofed  by  heat .  in 
:  fame  manner  as  folubie  tartar. 
By  the  fame  treatment  with  volatile  alkali,  an  am- 
miacal  tartareous  fait  is  formed,  which  affords  cryf- 
;s  that  efflorefce  in  the  air. 

(If  the  mineral  acids  be  added  to  tartar,  they  com-  Ammonia^alfalt 
ie  with  its  alkali,  and  form  the  fame  falts  as  they  of  taiUr' 
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vegetable  would  have  produced  by  direct  union  with  the  vq 

t    AC1P!''  j  table  alkali. 
.  Tartan  Tartar  has  long  been  an  object  of  attention 

chemills,  and  it  is  ufed  as  an  acid  in  many  of  < 
arts.    This  fait  appears  to  be  capable  of  uniting 
out  decompofition,  and  forming  triple  falts  with 
of  the  metals. 

Method  of  oh-      The  pure  acid  of  tartar  may  be  obtained  by 

tainin?  the  acid  .  .  '  .  t      i  ni 

of  tartar :  rating  three  parts  of  cream  of  tartar  with  chalk 
lime  •,  the  former  of  which  combines  with  the  fupir. 
fluous  acid,  and  the  latter  feizes  the  whole.  The  cal- 
careous tartar,  which,  on  account  of  its  infolubility, 
remains  at  the  bottom,  is  then  to  be  well  warned, 
digefted  with  about  one  part  of  vitriolic  acid,  togetb 
with  a  fufficient  quantity  of  water.  In  this  manm 
the  acid  of  tartar  is  difengaged.  The  felenite  formed 
by  the  combination  of  the  vitriolic  acid  and  the  liraej 
will  be  feparated,  and  fall  down,  by  evaporating 
water-;  and  the  acid  which  remains  may  be  cryftalli 
by  further  evaporation  and  cooling. 

—  or  othcrwifc.     Or,  more  limply,  one  pound  of  cream  of  tartar  ma] 
be  boiled  in  five  or  fix  pounds  of  water,  and  a  qua* 
ter  of  a  pound  of  clear  and  colourlefs  denfe  vitriol* 
acid  may  be  added  by  little  and  little.    When  a  com- 
plete folution  is  obtained,  the  fluid  will  then  contai 
difengaged  acid  of  tartar,  together  with  vitriolato 
tartar,  or  the  neutral  fait,  formed  by  the  union  of  th 
vitriolic  acid  with  the  vegetable  alkali.    The  vitn- 
olated  tartar,  being  a  fait  of  fparing  folubility,  will 
precipitated  by  continuing  the  boiling.    When  the  li 
quor  is  evaporated  to  one  half,  it  is  to  be  filtered ;  ant 
if,  upon  further  evaporation,  any  thing  more  is  preci-j 

pitatedj 
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ed,  it  mud  be  filtered  again.    The  clear  liquor  vegetable 

t  then  reduced  to  the  confidence  of  a  fyrup,  and  t    AC^PS-  ^ 

y  in  a  temperate  or  rather  warm  place,  will  afford 

icryftals  of  tartareous  acid,  equal  in  weight  to  -^cid  of  tartar : 

;the  cream  of  tartar  employed.    If  too  fmall  a 

ttitv  of  vitriolic  acid  has  been  ufed,  part  of  the 

*n  of  tartar  will  not  be  decompofed,  but  will 

?ate  from  the  liquor  along  with  the  vitriolated 

ix.    It  is  better  therefore  to  ufe  too  little  rather 

;too  much. 

le  cryftallized  tartareous  acid  melts,  fumes,  be  its  chara£>crsf 

:s  black,  and  burns,  by  the  contact  of  ignited 
:S.  By  diftillation  it  affords  an  acid  phlegm,  a 
quantity  of  oil,  and  much  fixed  air,  together 
inflammable  air ;  leaving  behind  a  coaly  refidue, 
11  contains  neither  acid  nor  alkali. 

<te  cryftals  of  tartareous  acid  do  not  change  by  and  habitude*, 
ure  to  air  •,  they  are  much  more  foluble  in  water 
ccream  of  tartar  itfelf.  This  acid  diffolves  clay, 
jjrms  a  fait  which,  by  evaporation,  affumes  a  clear 
rry  confidence,  and  does  not  deliquefce  in  the 
'The  fame  appearance  is  exhibited  with  mag- 
:  with  lime,  it  forms  a  fait  which  is  fcarcely  at 
uble ;  a  due  proportion  of  vegetable  alkali  con- 
it  into  cream  of  tartar,  which  falls  down  if  the 
of  folution  be  not  fufliciently  abundant,  but  is 
>ed  again  if  more  alkali  be  added,  fo  as  to  con- 
t  into  foluble  tartar.  Thefe  fynthetical  opera- 
ew  that  the  tartareous  acid  is  not  altered  by 
l  ocefs  of  extracting  it  from  cream  of  tartar, 
tli  the  mineral  alkali  it  forms  the  Rochelle  fait, 
ith  volatile  alkali  it  forms  a  cryftaUizable  fait. 

In 


44^ 


SALT  OF  SORRLL. 


vegetable  In  this  laft  combination  there  is  a  term  at  whic 
t    AC":>S'  j  cryftals  of  fparing  folubility,  like  thofe  of  cream 
tartar,  are  formed ;  and  in  this  cafe  likewife  the  aci 
of  tartar  is  far  from  being  faturated  with  the  alkali. 

This  acid  is  convertible  into  the  faccharine  acid  1 
diftillation  with  ftrong  acid  of  nitre :  and  it  is  co 
verted  into  acetous  acid  by  digeftion  with  water  at 
ardent  fpirits. 

Salt  of  forrel :       Salt  of  forrel  is  a  cryftallized  fait;  fo  denominat! 

becaufe  it  is  obtained  from  the  wood  forrel,  or  oxa 
aceto-fella  of  Linnaeus,  for  the  purpofes  of  commert 
though  it  may  be  obtained  "from  fome  other  plan 
It  is  in  white  cryftals,  whofe  figure  has  not  been 
determined,  on  account  of  their  minutenefs. 
it  is  expofed  to  diftillation  in  a  retort,  the  acid  is  pa 

—  chara&ers:    decompofed ;  a  confiderable  quantity  of  acid  phi 

comes  over,  which  is  without  fmell  or  colour,  and  c 
fifts  of  the  acid  itfelf,  fcarcely  altered  ;  and  the  reG 
affords  vegetable  alkali,  amounting  to  fomewhat 
than  one  third  of  the  weight  of  the  fait.  Expofu 
air  does  not  alter  the  fait  of  forrel.    It  is  very 
ingly  foluble  in  cold  water :  but  boiling  water 
take  up  one  fixth  part,  or  more,  of  its  weight; 
quantity  varying  according  to  the  ftate  and  puritjl^ 
the  fait,  which  feems  to  vary  in  different  fpecimen 

—  a&ion  upon      Salt  of  forrel  a£ts  upon  various  fubftanccs  wi 
Ranees.  ° '      decompofition.    With  ponderous  earth,  magnefia, 

getable  alkali,  and  volatile  alkali,  it  forms  triple  i 
Lime  decompofes  it  by  feizing  the  whole  of  the  ; 
and  difengaging  the  alkali.    The  attraction  of 
acid  for  lime  is  fo  ftrong,  that  it  cannot  be  difeng 
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it  by  any  other  acid:  another  procefs  is  there-  vegetable 
neceflary  to  be  ufed  for  obtaining  it.    With  this      acids.  ^ 
tion,  the  fuperabundant  acid  is  to  be  faturated  Method  of  puri- 
volatile  alkali;  and  into  this  folution  rauft  be  £cgLthe  acid °f 
>td  a  folution  of  ponderous  earth  in  the  nitrous 
The  laft-mentioned  acid  combines  with  the  al- 
forming  nitrous  ammoniac,  and  common  nitre, 
which  remain  in  folution ;  while  the  ponderous 
, .  combining  with  the  acid  of  forrel,  forms  an  in- 
le  compound,  which  falls  to  the  bottom.  This 
ntate,  after  being  well  warned,  may  be  decom- 
by  the  addition  of  vitriolic  acid,  which  feizes 
Kith,  and  likewife  forms  an  infoluble  combination, 
the  acid  is  fet  at  liberty.    After  decantation  of 
ear  liquid,  it  muft  be  aflayed  by  pouring  into  it  a 
at  a  time  of  the  boiling  hot  folution  of  ponde- 
earth  in  the  acid  of  forrel.    If  there  be  any  ex- 
f  vitriolic  acid,  a  precipitate  will  be  formed  by 
ion  with  the  ponderous  earth.    A  due  evapora- 
.nd  cooling  of  this  liquor  afford  the  acid  of  forrel, 
fmatic  four-fided  cryftals  or  fquare  plates, 
is  acid  has  a  confiderable  degree  of  ftrength.  Charaflers, 
ed  to  heat  in  a  retort,  it  falls  into  powder,  with 
fs  of  three  tenths  of  its  weight,  after  which  it 
,  boils  up,  at  the  fame  time  that  its  colour  changes 
thrown.    An  acid  phlegm  comes  over,  and  part 
e  acid  fublimes  without  alteration.    Fixed  air 
inflammable  air  are  difengaged  during  this  de- 
ofition  of  the  acid  ;  and  their  quantity  is  greater, 
ore  violent  the  heat. 

.ling  water  diffolves  its  own  weight  of  this  con-  Combinations, 
acid  fait,  half  of  which  is  feparated  in  cryftals 
y  by 
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vegetable  by  cooling.    It  diffolves  clay,  and  affords  a  deliq* 
t   AC^PS'  ^  cent  maf6  by  evaporation.    "With  ponderous 
Combinations  of  it  forms  a  fait  fcarcely  foluble,  except  there 

the  acid  of  for-         r       r      .  r  •  •  r    •       rri  r 

rcl#  excels  or  acid ;  in  which  cale  it  affords  tranfp 

cryftals,  which  become  opake,  powdery,  and  infi 
when  the  excefs  of  acid  is  taken  up  by  boiling 
With  magnefia,  it  forms  a  white  powdery  fait; 
with  lime  it  forms  an  infoluble  compound, 
cannot  be  decompofed  in  the  moid  way,  becauff 
affinities  of  thefe  two  fubftances  are  ftronger  than 
which  exift  between  either  of  them  and  other 
bodies.    From  this  property,  the  acid  of  forrel 
as  the  teft  of  the  prefence  of  lime,  which  it  pr 
tates  from  all  its  combinations. 
Synthefis.         If  vegetable  alkali  be  gradually  added  to  a  fol 
of  this  acid  in  water,  a  precipitate  falls  down, 
is  the  fait  of  forrel,  and  contains  the  acid  in  excer~ 
farther  addition  of  alkali  faturates  the  acid,  and  f 
a  very  foluble  fait,  which  is  capable  of  cry ftallizi 
the  alkali  be  in  excefs.    With  an  excefs  of  the 
ral  alkali  it  forms  a  fait  of  fparing  folubilitv. 
volatile  alkali  it  affords  a  cryftallizable  fait ;  anrl 
both  thefe  alkalis,  if  the  acid  be  in  excefs,  it 
a  lefs  foluble  fait,  fimilar  to  what  happens  wi 
vegetable  alkali. 

It  a£ts  on  feyeral  of  the  metals  dirccllv,  b 
general  combines  more  readily  with  their  calces. 

This  acid  does  not  differ  from  the  acid  of 
Treatment  with  nitrous  acid  converts  it  into  a 
acid  and  fixed  air ;  or  totally  into  the  latter, 
action  be  rapid. 
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CHAP.  V. 


"SRNING   THE    VEGETABLE   ACIDS   PRODUCED  OR 
EEVELOPED    BY   DESTRUCTIVE    DISTILLATION,  ' 
OR  BY  THE  ACTION  OF  NITROUS  ACID. 

the  courfe  of  the  preceding  accounts  of  the  vegetable 
:eetable  acids,  it  may  be  obferved,  that  they  are     Acir)S  : 

;fe  \  '  ARTIFICIAL. 

'bjedt.  to  great  alterations  by  the  action  of  che-  t       y  j 
agents ;  and  they  are  all  fubjedt.  to  fpontaneous  ^"^comp^ 
mpofition.    They  feem  to  obtain  their  acid  pro-  tion  and  decom- 

.  r      ,    r  pofition  of  vege- 

s  by  the  combination  of  a  bafe  with  the  vital  table  bodies. 
))f  the  air,  in  the  fame  manner  as  has  been  more 
ifhewn  with  regard  to  the  mineral  acids  ;  but  they 
r  to  be  of  too  compounded  a  nature  to  retain 
r»rder  or  arrangement  of  their  component  parts 
igh  thofe  great  varieties  of  temperature,  to  which 
rneral  the  mineral  acids  may  be  fubje&ed.  Heat 
.  the  arrangement  of  their  component  parts,  and 
ates  them  from  each  other  in  a  new  form.  The 
ucl:s  of  all  vegetable  fub fiances  including  thefe 
are  found,  wdien  urged  by  fire,  to  be  water,  fixed 
inflammable  air,  oil,  coal,  and  alkali.    If  we 
iier  water  as  decompofable,  and  confifting  of  vital 
inflammable  air  ;  if  we  confider  oil  as  compofed 
*ed  air  and  inflammable  air ;  and  again,  whether 
rdmit  charcoal  to  confift  chiefly  of  inflammable 
iccording  to  the  opinion  of  fome  chemifts,  or  of 

the 
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vegetable  the  peculiar  bafis  of  fixed  air,  according  to  othe 
AC,DS :     and,  laftly,  if  fixed  air  be  allowed  to  confift  of  cfc 

ARTIFICIAL.  ;J 

^  j  coal  united  to  vital  air,  whether  the  charcoal  be  c 

Simplicity  and    ce{ved  as  a  pecu]iar  fubftance,  or  as  inflammable 

fmall  number  of  *  » 

vegetable  princi-  in  a  ftate  of  condenfation  •,  we  lhall  at  length 
that  the  component  parts  of  vegetables  are  very  ft 
infomuch  that,  if  the  foregoing  pofitions  were  cles 
eftablifhed,  they  would  confift  either  of  charcoal,  \|1 
air,  and  inflammable  air,  or  elfe  of  vital  air  and 
flammable  air  only.    From  the  various  proport 
of  thefe,  in  different  ftates  of  condenfation,  it  wi 
follow,  that  water,  fixed  air,  oils,  mucilages,  and 
are  produced ;  and  that  the  beautiful  variety  of  na 
arifes  from  this  arrangement  and  combination. 

The  firft  action  of  fire  upon  the  vegetable  aj 
does  not  in  general  alter  their  combinations  fo  mi 
but  that  fome  other  acid  comes  over  together  4 
the  elaftic  products.  Thefe  acids,  which  on  ac 
of  the  peculiar  fmell  which  they  obtain  from  the 
are  called  empyreumatic,  would  probably,  on  ex 
nation,  be  found  to  be  of  various  kinds.  Thofe  wi 
have  hitherto  engaged  the  attention  of  chemifls, 
the  empyreumatic  acid  of  tartar ;  the  empyreu 
acid  of  fugar  or  mucilage,  formerly  called  fpi 
honey  ;  and  the  empyreumatic  acid  of  wood,  whi 
fuppofed  to  be  the  fame  in  all  woods,  and  hasl 
dillinguiihed  by  the  name  of  fpirit  of  box. 


Fmpyreumatic 
acids. 


Empyreumatic 
acid  of  tartar. 


The  empyreumatic  acid  of  tartar,  is  the  acid  phll 
which  comes  over  when  cream  of  tartar  is  exp 
to  diftillation.  This  acid  is  impure,  on  accoun 
fome  oil  which  comes  over  with  it,  and  from  w 
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m  only  be  feparated  by  the  funnel;  becaufe  it  di-  vegetable 

acids : 
artificial. 


(8  fo  fuddenly,  when  an  attempt  is  made  to  rectify 


v>y  a  fecond  diftillation,  that  it  burfts  the  veffels. 
i  acid  properties  of  this  fluid  are  fufficiently  appa-  fc3™? 
,:,  though  it  does  not  redden  the  tincture  of  violets, 
tt  does  turnfole  and  blue  paper.  It  forms  peculiar 
ipounds  with  the  earths  and  alkalis,  which  have 
:been  much  examined,  but  are  very  different  from 
te  afforded  by  the  acid  of  tartar. 

Vhen  infipid  gummy  faccharine  or  farinaceous  mu  of  fugar  or 

ges  are  expofed  to  diftillation,  an  empyreumatic muala£C  * 
comes  over,  of  a  reddifh  yellow  colour,  and  a 
r,  acrid,  and  four  tafte.    By  rectification  with  the 
ition  of  clay,  the  acid  comes  over  clear,  and  lefs 
nyreumatic.    It  does  not  afford  cryftals,  but  may 
:oncentrated  by  freezing,  which  converts  its  aque- 
part  into  ice.    In  this  ftate  it  ftrongly  reddens 
it  vegetable  colours,  and  forms  a  red  fpot  where  it 
i.  on  the  flcin.    By  diftillation,  cautioufly  managed 
llofe  vefTels,  it  may  be  converted  for  the  moft  part 
fixed  and  inflammable  air. 
"'he  empyreumatic  acid  of  fugar  attacks  ,  and  dif- 
ies  the  foluble  earths  and  alkalis.    It  corrodes  lead, 
[•per,  tin,  and  iron :  but  the  compounds  it  forms 
1  thefe  bodies  have  been  little  attended  to. 

box,  birch,  and  other  woods,  when  expofed  to  dif —  of  wood, 
ttion,  afford  that  peculiar  acid,  which  is  fo  offenfive 
(he  eyes  when  the  fmoke  of  a  fmothering  wood 
forces  itfelf  into  an  apartment.    This  acid  has 
fiderable  ftrength.    The  oil  which  comes  over 

with 
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Acid  of  wood. 


vegetable  with  it,  may  be  feparatcd,  either  by  {landing  for  fomc 
AC1DS "  months,  or  by  rectification.  It  cannot  be  obtained 
in  a  concrete  form.  A  ftrong  heat  decompofes  it. 
With  earthy  and  alkaline  bafes  it  forms  peculiar  falts, 
whofe  general  properties  have  not  been  minutely  ea» 
.quired  into.  As  the  properties  of  the  acid  obtained 
from  a  confiderable  variety  of  woods  have  proved 
be  the  fame,  it  is  prefumed  that  all  woods  contain 
this  common  acid,  or  at  leaft  that  combination 
principles  which  conftitutes  its  bafe. 


Obfervations  on     Since  the  acidification  of  combuftible  fubflances" 

the  effedt  of  ni-      .  ,      <  ,        i  i     ,i  i«  i  • 

trous  acid  upon  evidently  produced  by  the  application  or  combma 
vegetable  bodies.  0£  vjtaj  ajr  .  an^  as?  jn  au  ^  operations  of  chemi 

effects  may  be  produced  by  one  mode  of  combinati 
which  are  impracticable  in  others-,  it  becomes  ne 
fary,  in  chemical  refearches,  to  try  every  means  w1 ' 
can  be  devifed.    Few  vegetable  acids  are  artific! 
produced  by  the  direct  application  of  vital  air  to 
principles  of  that  clafs  of  bodies  •,  but  many  exp 
ments  have  been  made  by  abftracling  the  nitrous 
from  vegetables  by  diftillation.    This  acid,  as  we 
frequently  had  occafion  to  obferve,  is  very  eafily 
compofed,  when  applied  to  combuftible  bodies,  m 
attract  its  vital  air,  and  difengage  either  nitrous 
phlogifticated  air,  as  we  have  explained  in  our  chapt 
Chap.  III.  IV.  upon  that  acid.    It  has  likewife  been  obferved,  in 

rious  parts  of  the  prefent  feet  ion,  that  this  acid,  whe 
repeatedly  diftilled  from  gums,  mucilages,  fugar, 
acids  of  tartar,  of  apples,  and  of  gall,  produces 
peculiar  acid  which  has  been  called  the  acid  of  fu 
and,  if  the  abftra&ion  be  repeated  too  often,  the  a: 
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lgp.r  itfelf  is  converted  into  fixed  air.    From  this  vegetable 


acids 


■  of  the  fubje£t,  together  with  other  facts,  it  has 

J  °  '  ARTIFICIAL. 

inferred,  that  a  greater  or  lefs  proportion  of  vital  i       v  j 
united  with  one  general  principle  abundantly  fi™ timf 3 inf" 
rng  in  charcoal,  whether  this  principle  be  inflam-  vegetable  bodies, 
te  air  or  not,  produces  all  the  various  acids  of 
;  tables.    Thus  tartar,  which  is  the  leaft  acidified, 
iad  to  become  converted  into  the  acid  of  apples  by 
rment  with  nitrous  acid.    The  acid  of  apples,  by 
■ntinuance  of  the  operation,  becomes  converted 
acid  of  fugar,  or  acid  of  forrel,  which  are  the 
thing.    The  fame  procefs,  further  continued, 
lis    vinegar  *,   which   comes   over.     Hence  it 
(d  feem  that,  according  to  the  greater  progrefs 
hh  the  operation  of  combuftion,  or  the  combi- 
m  of  vital  air  with  the  bafe  (which  at  the  fame 
according  to  the  ancient  theory,  is  fuppofed  to 
nore  dephlogifticated),  the  acids  of  tartar,  of 
is  or  unripe  fruit,  of  forrel  or  fugar,  of  vinegar, 
aftly,  of  fixed  air,  are  produced.    In  this  order 
roceeding,  the  acids  become  more  and  more 
£t,  and  lefs  eafily  decompofable :  and  on  this 
mt  probably  it  is,  that  attempts  to  reverfe  the 
fles  have  not  hitherto  been  attended  with  much 
U. 

nice  the  difcovery  that  the  acid  of  fugar  does  not  Difference  be- 

from  that  of  forrel  but  in  containing  a  fmall  0T fugar  an^for- 
Ttion  of  alkali,  the  procuring  of  the  former  in  re1, 
?.xpenfive  way  of  diftillation  with  nitrous  acid,  is 

«e  Scheele's  Effays,  Englifli  tranflation,  page  385  ;  and  the 
1 1  de  Phyfique  for  January  1788,  page  59. 

G  g  become 
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vegetable  become  unneccfiary.    We  fhall,  neverthelefs,  defcribe 
the  procefs  here,  as  an  example  of  that  method  of  I 

ARTIFICIAL.  1  J  r  u  U1l 

v       v      ■>  operating. 

The  proceis  for     Three  ounces  0f  ftror)nr  nitrous  acid,  whofe  foe. 

converting  lugar  °  r~ 

into  an  acid.     cific  gravity  was  nearly  1.567,  were  mixed  in  a  tu- 
bulated retort  with  one  ounce  of  the  fined  fugarin 
powder.    Much  nitrous  air  efcaped  in  red  fumes, 
formed  by  combination  with  the  vital  air  of  the  atmo- 
fphere.    A  receiver  was  then  adapted,  and  the  liquor 
gently  boiled.    As  foon  as  the  mixture  had  acquired 
dark  brown  colour,  three  additional. ounces  of  nitn 
acid  were  added,  and  the  boiling  was  continued  unti 
the  coloured  and  fuming  acid  had  entirely  difap4| 
peared.    The  liquor  being  then  poured  out,  afforde!! 
fmall  prifmatic  cryftals  by  cooling,  which  are  the  aciaf 
of  fugar.    The  lixivium  being  again  treated  in  thaf 
x  fame  manner,  with  two  ounces  of  nitrous  acid,  affordlf5 

ed  an  additional  portion  of  acid  of  fugar  by  cooling  IF 
and  the  remaining  glutinous  liquor,  treated  at  dif:cre; 
times  with  fmall  quantities  of  nitrous  acid,  amount!!:, 
ing  in  the  whole  to  two  ounces,  and  evaporated  t|i 
drynefs,  afforded  a  faline  mafs  :  and,  laftlv,  the  wholir 
was  depurated  by  repeated  folutions  and  cryltalliw; 
tions  in  water.  In  this  way,  with  three  parts  of  fugst  'i: 
and  thirty  of  nitrous  acid,  the  quantity  of  one  part 
acid  of  fugar  is  obtained. 

<ft>fcrv.uion.         The  above  procefs  is  taken  from  Bergmann  :  but' 
may  be  obferved  that  weak  nitrous  acid,  or  comm 
aqua  fortis,  will  anfwer  the  purpofe  as  well  as  '4 
concentrated  acid  ;  and  that,  where  it  is  not  an  obj 
to  collect  the  acid  which  comes  over,  there  will 
no  need  of  any  receiver,  or  other  apparatus,  exce 

matr; 
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rafs,  or  Florence  flafk,  to  perform  the  operation  vegetable 
chimney  where  there  is  a  proper  draught  of  air     ACIDS  : 

-    t  ARTIFICIAL. 

arry  orr  the  acid  mines.  i       ^  j 

'he  acid  of  camphor  *  is  produced  by  diftilling  the  Acid  of  camphor, 
ous  acid  eight  fuccefhve  times  from  camphor.  It 
F  a  concrete  cryftalline  form,  of  a  bitter  tafte,  and 
lens  the  tinctures  of  violets  and  turnfole.    It  dif- 
from  tlie  acid  of  fugar  in  not  feparating  lime 
na  the  marine  acid.    With  vegetable  alkali  it  forms 
It  in  regular  hexagons ;  with  mineral  alkali,  a  fait 
rregular  cryftals  •,  with  volatile  alkali,  prifmatic  or 
die-formed  cryftals ;  and  with  magnefia,  a  pulve- 
nt  foluble  fait.    It  diflblves  feveral  metallic  fub- 
ices.    But  fubfequent  enquiries  are  wanting  to 
bblifh  the  peculiar  nature  and  properties  of  this 

)  >y  diftilling  four  times  its  weight  of  nitrous  acid  Acid  of  cork, 
m  cork,  a  yellowifli  thick  acid  matter  is  obtained, 
ch  is  foluble  in  water,  and  has  an  auftere  bitterifh 
.    It  does  not  cryftallize,  but  becomes  confiftent 
wax  by  evaporation ;  is  foluble  in  ardent  fpirit ; 
ins  deliquefcent  falts  with  the  earths  and  alkalis ; 

has  as  ftrong  an  attraction  for  lime  as  the  acid  of 
aar  f. 

Kofcgarten,  Ncuv.  de  la  Rcpubl.  des.  Lettrcs,  Annec  1785. 
.  42  and  445  quoted  by  Fourcroy,  Elem.  Chem.  iv.  104, 
ion  of  1789. 

Brugnatclli,  in  the  Journal  de  Phyfiquc,  Augu^  1787 j  or 
Ill's  Annals  for  the  lame  year. 
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CHAP.  VI. 


ON  THE  DESTRUCTIVE  DISTILLATION  OF  VEGETABLE 

SUBSTANCES. 

Vegetable  Tfr   the  foregoing  chapters  we  have  occafionaUy 

PRODUCTS  • 

by  fire  treated  of  the  decompofition  of  vegetables  by  de- 

 „  t  ftruSive  diftillation,  and  have  defcribed  the  volatile 

til!atio».lVe  dlf"  produces  it  affords-  As  the  immediate  principles 
organized  fubftances  are  for  the  moft  part  very  co: 
pounded,  and  the  extreme  temperature  produced 
this,  method  tends  to  reduce  them  to  their  primary 
component  parts,  it  is  evident  that  very  little  can  be 
^earned  in  this  way  concerning  that  on  which  the 
various  properties  of  thofe  fubftances  depend.  But 
the  chemift  ought  to  negleft  none  of  the  methods  he 
poflefles  of  producing  changes  in  bodies,  this  proc 
may  have  its  ufe  when  compared  with  others,  a 
more  efpecially  when  we  mall  have  arrived  at 
knowledge  of  the  firff.  principles  of  organized  f« 
ftances,  which  from  a  variety  of  facts,  and  the  late 
rapid  progrefs  of  chemiftry,  we  have  reaibn  to  hope 
for.  We  fhall  therefore  proceed  to  defcribe  the  gene- 
ral phenomena  of  deftruelive  diftillation. 

This  procefs  confifts*  merely  in  expofing  any  organ- 
ized fubfhnce  to  heat  in  a  retort,  placed  in  a  rever- 
beratory  furnace.  The  ancient  chemifts,  who  paid 
no  attention,  to  the  claflic  products,  except  fo  far  as 

their 
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ir  expanfive  force  impeded  their  operations,  ufually  vegetable 
led  a  fmall  hole  in  the  upper  part  of  the  receiver  for  PR0DL  CTS 

lr      r  BY  FIRE. 

ir  efcape.    Modern  chemiftry  proceeds  in  a  more  y     ,  v  J 
btific  manner,  by  ufing  the  pneumatic  apparatus, 
rat.    The  firft  product,  which  comes  over  in  the 
illation  of  vegetables,  is  a  watery  fluid,  contain- 
2acid  and  odorant  principles.    In  proportion  as  the 
miction  of  the  vegetable  proceeds,  the  phlegm  be- 
ces  deeper  coloured,  and  more  faline.    Next  fol-  Decompofition 
i  a  coloured  oil,  which  becomes  of  a  darker  hue  °'rJe§eubles 
,ie  diftillation  proceeds,  and  varies  greatly  accord- 
:o  the  nature  of  the  plant ;  for  it  confifts  chiefly 
ne  effential  oil,  which  comes  over  in  a  foul  ftate, 
differs  in  its  fixity,  denfity,  fufibility,  and  all  its 
r  properties  according  to  the  nature  and  quantity 
Hie  efTential  oil  which  predominates  in  it.  All 
products  obtained  in  this  way  have  a  peculiar 
d  fmell,  which  chemiits  diftinguiih  by  the  name 
pyreumatic.    If  the  vegetable  contain  volatile 
or  its  component  parts,  this  fubftance  ufually 
nes  when  the  oil  comes  over.    The  elaftic  fluids 
i  pafs  into  the  apparatus  of  inverted  veffels  are 
\y  inflammable  air,  or  fixed  air,  or  a  mixture  of 
(probably  in  combination),  which  is  heavier  than  , 
i inflammable  air,  and  burns  with  a  lambent  blue 
inftend  of  detonating  like  that  elaftic  fluid, 
ieat  muft  be  very  gradually  raifed,  and  the  re- 
s  changed  from  time  to  time,  in  this  method  of 
ypofition;   otherwife  the  products  which  come 
ill  be  confounded  together,  and'  the  rcfults  will 
rfe  be  more  fallacious  than  they  would  otherwife 
en.    The  fixed  rcfidue  confifts  of  charcoal,  a 
G  g  3  fmall 
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Empyreumatic 
oils. 


Charcoal  i 


— conducts  elec- 
tricity : 


—  refills  Jwat, 
and  abforbyelaf 
tic  fluids ; 


—  exceedingly 
combuftiblc. 


fmall  portion  of  alkali,  and  a  very  minute  quantity  &j 
earth. 

The  empyreumatic  oils  which  come  over  in  thefe 
diflillations  may  all  be  rendered  colourlefs,  and  f'olu- 
hie  in  ardent  fpirit  by  rectification.  In  this  munnef 
it  appears  therefore  that  the  fixed  oils  of  vegetal 
are  converted  into  volatile  or  eflential  oils  j 
which,  as  well  as  from  other  circumflances,  it  is 
dered  probable  that  thefe  oils  differ  from  each  oi 
only  in  the  proportion  of  their  component  parts. 

The  black,  fonorous,  brittle,  light  fub fiance,  called! 
charcoal,  ufually  retains  the  figure  of  the  vegetable! 
from  which  it  was  produced,  unlefs  the  greater 
of  the  vegetable  confifted  of  fluids,  which,  in 
diflipation,  deflroy  the  connection  of  the  more 
parts.  In  the  latter  cafe  the  quantity  of  chare 
much  lefs  than  in  the  former.  It  is  a  fingular 
that  this  fubflance,  when  well  burned,  is  a  pe; 
conductor  of  electricity ;  though  the  electric 
is  not  conveyed  at  all  through  wood  which  is 
baked  or  dried.  The  charcoal  of  oily  or  bitui 
fubflances  is  of  a  light  pulverulent  form,  and  r 
•foot.    This  charcoal  of  oils  is  called  lamp-black 

Charcoal  refills  the  mofl  violent  heat  in 
veflels.    If  it  be  ignited,  it  abforbs  elaftic  fluids 
great  avidity  as  it  cpols ;  and  it  .retains  the  pr< 
if  cooled  by  immerfion  in  mercury,  the  abfo 
being  equally  considerable  when  it  is  afterwards 
pofed  to  the  air. 

The  difpofition  to  be  burned,  which  in  the 
cieht  theory  is  fuppofed  to  confifl  in  the  givi 
of  phlogillon,  and  in  the  modern  theory  in 


it 
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ption  of  vital  air,  is  fo  great  in  charcoal,  that  it  vegetable 
forms  the  reverie  of  combuftion  with  a  great  PRODUCTS 

°  BY  FIRE. 

iety  of  fubftances.    Thus  it  converts  the  vitriolic  i       v  j 
\  into  vitriolie  air,  by  augmenting  the  proportion  Charcoal, 
fulphur ;  and  it  is  ftrongly  acted  on  by  the  nitrous 
J,  much  nitrous  air  being  extricated  at  the  fame 
*£.     The  rapidity  with  which  the  nitrous  acid 
is  upon  perfectly  dry  charcoal,  has  been  already    Page  165. 
•ntioned.    In  either  of  thefe  procefles,  the  acid 
ler  combines  fuddenly  with  the  phlogifton  of  the 
trcoal,  or  the  vital  air  of  the  acid  combines  with 
charcoal  itfelf,  confidered  as  a  fimple  fubftance. 
The  moft  violent  combuftion  of  nitre  with  charcoal, 
which  the  acid  is  entirely  decompofed,  and  gives 
phlogifticated  air,  may  be  explained  in  the  fame 
yy  by  each  theory. 

Wlkalis  diffolve  charcoal  in  the  dry  way  ;  and  liver  Solubility  of. 
fulphur  combines  very  readily  with  it,  either  in  the  charcoal- 

or  humid  way.    All  the  metallic  fubftances  hi- 
<rto  known  are  lefs  combuftible  than  charcoal,  and 
■fequently  are  revived,  or  reduced  to  the  metallic 
.e,  by  being  heated  with  this  fubftance.    This,  in  Revivification, 
ancient  theory,  denotes  that  all  the  metals  attract 
ogifton  more  ftrongly  than  charcoal  does ;  but  in 
new  theory  the  effect  is  afcribed  to  the  ftronger 
•action  of  charcoal,  which  deprives  all  metallic 
::es  of  the  vital  air  which  combined  with  them 
"ing  their  calcination. 

Wn  important  confequence  feems  to  follow  from  Obfervation. 
;  circumftance ;  namely,  that  there  may  exift  many 
tallic   fubftances   whofe    combuftibility   may  be 
.  atcr  than  that  of  charcoal  5   and  which  conf<*>- 

G  g  4  quently 
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Combuftion  of 
charcoal. 


vegetable  quently  are  unknown  to  us  as  fuch,  becaufe  we  pof- 
products}    £efs  n(?  means  Q£  reducing  them.    Thus  the  alkalis 

BY  FIR£# 

and  earths  may  confift  of  .peculiar  combuftible  or  me? 
tallic  fubftances,  either  dephlogifticated,  or  combined 
with  vital  air,  by  an  union  which  the  art  of  chemiftry 
has  not  yet  found  means  to  break. 

When  charcoal  is  expofed  to  heat  in  open  vefiels, 
it  burns  with  a  light  flame,  nearly  tranfparent,  emitr 
ting  very  little  light,  and  no  fmoke.    The  refidue  con? 
fifts  of  a  fmall  quantity  of  afhes,  which  contain  fixed 
alkaline  and  neutral  falts.    The  fixed  vegetable  alkali 
is  obtained  from  the  afhes  of  various  plants,  under 
name  of  pot-afh  or  pearl-afh,  and  is  not  eafily  purifi 
from  the  neutral  falts  it  may  be  contaminated  wit 
Mineral  alkali  is  obtained  by  incineration  only  fr 
marine  plants.    The  neutral  falts  found  in  the  af 
of  vegetables  are  vitriolated  tartar,  Glauber's  fait 
felenite,  common  fait,  and  fait  of  Sylvius.  Calc 
of  iron  and  of  manganefe,  with  an  earthy  fubftanc 
compofe  the  infoluble  refidue.    What  this  earthy  fu 
fiance  is  has  not  been  determined  >  but  it  molt  p 
bably  confifts  of  fome  infoluble  earthy  fait,  fuch  a: 
phofphorated  lime. 


Refidual  falts. 
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C  H  A  p.  VII. 


CONCERNING  FERMENTATION  IN  GENERAL. 


'HE  word  Fermentation,  in  an  enlarged  fenfe,  is  fe^memtjl- 
tifed  to  denote  that  change  of  the  principles  of  v    1I">"  t 
!.anic  bodies,  which  begins  to  take  place  fpontane-  The  fpontanecus 
ily  as  foon  as  their  vital  functions  have  ceafed,  and  Vegeubks!°n 
vwhich  they  are  at  length  reduced  to  their  firft  prin- 
!es.    This  has  been  diftinguifhed  into  three  ftages ;  Three  ftages  of 

,  -  .  ..  ,  .  .  ,  fwmcnutions 

vinous  or  ipirituous,  the  acid  or  acetous,  and 

putrid  fermentation';  which  are  fo  called  from  the 

ncipal  produces  obtained  during  their  aclion.  All 

aanized  bodies  are  not  fubject.  to  the  three  degrees 

fermentation.    It  is  afcertained  almoft  beyond  a 

'.bt  that  the  vinous  fermentation  takes  place  only 

iiich  bodies  as  contain  faccharine  juices.    In  this 

moft  remarkable  producl:  is  a  volatile,  colourlefs, 

nt,  inflammable  fluid,  which  mixes  with  water 

all  proportions,  and  is  called  ardent  fpirit.  The 

ttous  fermentation  is  diftinguifhed  by  the  product 

own  by  the  name  of  vinegar,  which  is  the  leaft  de- 

udtible  of  the  vegetable  acids.    It  does  not  appear, 

wever,  that  fermentation  is  abfolutely  neceflary  for 

production  of  this  acid,  as  there  are  other  chemical 

lans  by  which  it  may  be  obtained,  or  produced.  In 

putrid  fermentation,  bodies  appear  to  be  reduced 

)D  their  moft  fimple  parts.     Volatile  alkali  is  the 

1  duel  which  has  been  remarked  as  the  chieT  in  this 

procefs, 


—  acetous; 


Page  4.19. 
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fermenta-  procefs,  and  is  no  doubt  produced  by  the  combina- 
t  j  tion  of  inflammable  and  phlogifticated  air,  which  ily 

Stages  of  fer-    off  together.    The  acetous,  like  the  vinous  fermen- 

jnentation,  .  r      ,  ,  ,     r  ,  n  , 

tation,  is  confined  to  vegetable  iubitances ;  but  the 

putrefactive  procefs  is  molt  eminently  perceived  in 
animal  bodies.    Thefe  either  putrefy  immediately, 
oxy  if  the  putrefaction  be  preceded  by  either  of  the 
other  flages,  their  duration  is  too  fhort  to  be  perceived.  | 
It  is  confidered  as  an  eftablifhed  fact,  that  the  three  | 
itages  of  fermentation  always  follow  in  the  fame  or- 
der, in  fuch  bodies  as  are  fufceptible  of  them  all  j  Mk 
vinous  coming  firft,  which  is  followed  by  the  acetous 
and  the  putrefactive  proceffes. 
Conditions  or       The  fpontaneous  decompofition  of  bodies  is  greatly 

clicumttances  .    .    .  ,  ,    «       *   -  1         .  r  . 

requifite  to  the  retarded  by  extreme  cold,  by  ludden  drying  of  the 

Fogrcfs  of  fcr-      "  _  or  b  prefervation  in  clofed  veffels.  The 

fir  ft  circumftances  neceffarily  retard  the  chemical 
fects,  by  depriving  the  parts  of  that  fluidity  whi$ 
is  almoft  indifpenfably  necefTary  in  chemical  proce 
It  will  eafily  be  underftood  that  the  third  circ 
will  retard  the  fpontaneous  decompofition  of  bo 
when  it  is  confidered  that  the  atmofphere  itfelf  is 
folvent  and  receptacle  of  many  of  the  component  pa 
of  bodies  with  which  it  is  difpofed  to  combine, 
well-clofed  veffels,  the  parts  of  organized  bodies  wft 
are  difpofed  to  fly  off  in  the  elaftic  ftate,  are  p 
vented  from  efcaping    and  fuch  parts  as  might  f< 
new  combinations,  by  abforbing  either  the  com 
or  component  parts  of  tiie  atmofphere,  are  prcve; 
for  want  of  a  free  communication.    The  three  coil 
ditions  for  the  accomplifhment  of  fermentation  ar 
*  then 
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efore,  fluidity  or  moifture,  moderate  heat  or  a  fermenta- 
temperature,  and  the  acgefs  of  air :  and  the  fer-  t    tion-  ^ 
station  will  likewife  be  modified  according  to  the 
xms  component  parts  of  bodies. 

n  defcribing  the  vinous  decompofition  of  vegeta-  Vino  s  fermen- 
it  will  be  of  advantage  to  attend  to  that  of  mere  I^Ttakes^ace 
ur  and  water ;   the  phenomena  in  thefe  being  "!a£ursar  ^ 
e  diitinct,  becaufe  lefs  modified  by  foreign  ad- 
rture.    If  a  confiderable  quantity  of  water,  holding 
olution  about  one  third  of  its  weight  of  fugar,  be 
ofed  to  the  air  at  the  temperature  of  about  70 
rees,  after  the  addition  of  a  fmall  quantity  of 
ft,  it  foon  undergoes  a  remarkable  change.    In  the 
rfe  of  a  few  hours  the  fluid  becomes  turbid  and 
:hy  j  bubbles  of  fixed  air  are  difengaged,  which  rife 
break  at  the  furface.  The  difengagement  becomes 
:re  and  more  abundant;  mucilage  is  feparated,  part 
which  fubfides  to  the  bottom  ;  and  part,  expanded 
30  froth  by  the  elaftic  fluid,  forms  yeall.    During  Yeaft/ 

courfe  of  fcveral  days,  thefe  effects  gradually 
ne  to  their  height,  and  diminilh  again ;  after 
ich  they  proceed  very  flowly,  but  are  long  before 
:y  entirely  ceafe.  The  fermented  liquor  has  no 
iger  the  fweet  tafte  it  had  before,  but  becomes 
ik  and  lively,  with  a  pungent  fpirituous  flavour, 
fpecific  gravity  likewife  i$  confiderably  lefs  than 
rore  y  and,  when  expofed  to  diftillation,  it  affords  a 
Iht  inflammable  fpirit.  The  quantity  of  ardent  Inflammabl* 
rit  which  any  fermented  liquor  will  produce,  is  f&i^ 
Dught  to  follow  fome  proportion  of  the  change  its 
jcifie  gravity  undergoes  in  fermentation  j  but  the 

truth 
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fermenta-  truth  of  this  has  not  been  clearly  afcertained *. 
t  '  j  Wine,  cyder j  and  beer,  are  well-known  liquors  of 

this  kind. 

Acetous  fermen-  It  is  ufual  to  put  fermented  liquors  into  calks  before 
the  vinous  fermentation  is  completely  ended ;  and  in 
thefe  clofed  'veflels  it  goes  on  for  many  months. 
But  if  the  fermentative  procefs  be  fu fix-red  to  proceed 
in  open  veflels,  more  efpecially  if  the  temperature  be 
raifed  to  90  degrees'/'the  acetous  fermentation  comes 
on.  Ih  this  the  vital  part  of  the  air  is  gradually 
abforbed- ;  and  the  more  fp'eedily,  in  proportion  23 
the  furfaces  of  the  liquor  are  oftener  changed  by 
lading  it  from  one  vefiel  to  another.  The  ufual  me- 
thod fconftfts  in  expoling  the  fermented  liquor  to  the 
air  in  calks,  placed  fo  that  the  fun  may  fhine  on 
them;  which  feems  to.  be  of  advantage,  by  rail 
the  temperature  of  the  liquor.  By  this  abforpti 
of  vital  air,  the  inflammable  fubflance  becomes  coj 
verted'  into  an  acid.  If  the  liquid  be  then  expo 
to  diftillation,  pure  vinegar  comes  over,  inftead  S 
ardent  fpirit.  ' 

£utrefa£tion.        When  the  fpontaneous  decompofition  is  fufFel 
to  proceed  beyond  the   acetous  •  procefs,  the  vine' 
gar  gradually  becomes  vifcid  and  foul ;  air  is  emitt 
with  an  ofFenfive  fmell ;  volatile  alkali  flies  off; 
earthy  fediment  is  depofited  •,  and  the  remaining 
quid,  if  any,  is  mere  water.    This  is  the  putrefacti 
procefs. 

Though  fermentation  is  much  better  underftood  at 
prefent,  in  confequence  of  modern  refearches  into  the 

w  Richardfon  on  Brewing, 
8  nature. 
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•e  of  elaftic  fluids,  than  it  formerly  was,  it  ft  111  fermenta- 

ins  an  interefting  object  of  refearch.    It  is  not  t    TI°N>  ^ 

vy  afcertained  what  the  yeaft  or  fermented  matter  The  eflfedt  of 

rrms  in  this  operation.    If  feem's  probable  that  the  tya"^j.in  fcrmen' 

mtative  procefs,  in  confiderable  maiTes,  would  be 

vd  on  in  fucceflion,  from  the  furface  downwards ; 

would  perhaps  be  completed  in  one  part  cf  the 

hbefore  it  was  perfectly  begun  in  another  part,  if 

;;aft,  which  is  already  in  a  (late  of  fermentation, 

:ot  occafion  the  procefs  to  begin  in  every  part  of 

.aid  at  once.    Much  remains  to  be  done  towards  Component 

...  ,  r   ,  parts  of  ardent 

■.ainmg  the  arrangement  and  quantity  or  the  com-ffirit}  &c. 
ft  parts  of  ardent  fpirit :  and  the  theory  of  fixed 
rith  the  identity  of  inflammable  airs,  mull:  be 
iained,  before  any  decided  reafoning  can  be 
d  on  this  head.  It  feems  however  that  inflam- 
air,  in  combination  with  fixed  air  in  certain 
ions,  forms  ardent  fpirit;  that  a  greater  pro- 
of vital  air  converts  it  into  vinegar;  and  that, 
putrefactive  procefs,  the  inflammable  air,  the 
air,  and  the  vital  air,  are  feparated  from  each 
and  fly  off*  in  the  elaftic  ftate. 
the  fermentation  of  wine,  the  tartar,  which  pro-  Tartar, 
eexifted  for  the  moft  part  ready  formed  in  the 
)f  the  grape,  is  feparated,  and  exhibits  the  pro- 
i  which  have  been  already  defcribed  in  treating 
t  fubftance. 

fermentation  of  bread  by  leaven  is  thought  to  Bread, 
a  different  nature  from  the  vinous  fermentation. 
5  the  mucilage  of  the  corn  is  not  previoufly 
it  into  the  faccharine  ftate.    It  quickly  becomes 

four, 
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four,  if  the  procefs  be  not  {topped  by  baking ;  in 
which  particular,  the  fermentation  feems  to  be  o| 
the  acetous  kind.  The  development  of  fixed  aii 
divides  the  dough  into  thin  parts,  which  are  mo« 
effectually  and  better  baked  than  they  could  hav< 
been  in  the  folid  confident  mafs.  When  bread  i 
fermented  by  means  of  yeaft,  the  procefs  appears  id 
be  of  a  faccharine  or  vinous  nature. 


C  H 


FERMENTA- 
TION. 


Bread. 


WINES. 


C  H  A  P.  VIII. 

CERNING  VINOUS  FLUIDS  AND  ARDENT  SPIRIT. 

U.OM  the  habits  of  fociety,  the  making  of  wine,  vtnotts 
beer,  and  ardent  fpirits,  is  become  an  object  of  fluids. 
dderable  importance.    Wine  is  the  exprefied  juice  The  making  of 
.e  grape  which  has  undergone  the  firft  ftage  of  ^"^J™*1 
entation.    In  this,  which  in  general  appears  to 
le  beft  kind  of  fermented  liquor,  there  are  great 
fences,  which  depend  no  lefs  on  the 'kind  and 
tty  of  the  fruit  than  on  the  procefs  of  manu- 
tring.    If  the  fruit  be  gathered  unripe,  the  juice 
abound  with  acid,  and  the  wine  will  be  thin  and 
;  but,  if  the  fruit  be  ripe,  it  will  contain  much 
marine  juice,  and  the  wine  will  be  fweeter.  If 
ivine  be  calked  in  an  early  ftage  of  the  fermenta- 
much  of  the  fugar  will  remain  undecompofed, 
he  wine  will  be  fweeter  on  that  account,  efpe- 
if  the  fermentation  be  checked  by  a  confiderable 
•:e  of  cold  ;  but,  on  the  contrary,  when  the  pro- 
of the  fermentation  is  only  impeded  by  the  coer- 
iof  the  veflel,  which  prevents  the  efcape  of  the 
air,  a  flight  increafe  of  temperature,  fuch  as 
tof  a  room  in  a  dwelling-ho.ufe  compared  with 
^mperature  of  a  cellar,  will  caufe  it  to  proceed 
great  rapidity  as  foon  as  the  velTel  is  opened. 
.:s  in  this  ftate  are  very  brifk  and  lively,  from 
rrredominating  acidity  of  the  fixed  air,  which  is 
jy  difcngaged. 

Beer 


MALT.  BEER. 


VINOUS 
FLUIDS. 


Beer  is  the  wine  of  grain.  Malt  is  ufually  made  of 
^barley.    This  grain  is  fteeped  for  two  or  three  days 


The  malting  of  in  water  till  it  fwells,  becomes  fomewhat  tender,  and 
tinges  the  water  of  a  bright  reddifh  brown  colour. 
The  water  being  then  drained  away,  the  barley 
fpread  about  two  feet  thick  upon  a  floor,  wherei 
heats  fpontaneoufly,  and  begins  to  grow,  by 
fhooting  out  the  radicle.  In  this  ftate  the  germinati 
is  flopped,  by  fpreading  it  thinner,  and  freque 
turning  it  over  for  two  days  •,  after  which,  it  is  at 
made  into  an  heap,  and  fufFcred  to  become  fenfil 
hot,  which  ufually  happens  in  little  more  than  a 
Laftly,  it  is  conveyed  to  the  kiln,  where,  by  a 
dual  and  low  heat,  it  is  rendered  dry  and  crifp. 
is  malt;  and  its  qualities  differ  according  as 
more  or  lefs  foaked,  drained,  germinated,  dried, 
baked.  In  this,  as  in  other  manufactories,  the  ii 
ligent  operators  often  make  a  myftery  of  their 
cefTes,  from  views  of  profit ;  and  others  prete 
peculiar  fecrets,  who  really  poflefs  none. 

Indian  corn,  and  probably  all  large  grain,  reqi 
to  be  fufFered  to  grow  into  the  blade,  as  well  as 
before  it  is  fit  to  be  made  into  malt.    For  this  pi 
pofe,  it  is  buried  about  two  or  three  inches  dee; 
the  ground,  and  covered  with  loofe  earth  ;  and  in  ^ 
or  twelve  days  it  fprings  up.    In  this  ftate  it  is  t: 
up  and  wafhed,  or  fanned,  to  clear  it  from  its 
and  then  dried  in  the  kiln  for  ufe. 
Brewing  of  beer.     Beer  is  made  from  malt  previoufly  ground,  or  cu1 
pieces  by  a  mill.  This  is  placed  in  a  tun,  or  tub, 
a  falfe  bottom  ;  hot  water  is  poured  upon  it,  and 
whole  ftirred  about  with  a  proper  inftrument. 

te 
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oerature  of  the  water  in  this  operation,  called  vinous 

ing,  muft  not  be  equal  to  boiling;  for  in  that  v  FLU1DS-  j 

the  malt  would  be  converted  into  a  pafte,  from  Brewing  of  beer, 
h  the  impregnated  water  could  not  be  feparated. 
rr  the  infufion  has  remained  for  fome  time  upon 
malt,  it  is  drawn  off",  and  is  then  diftinguifhed' by 
name  of  fweet  wort.  By  one  or  more  fubfequent 
lions  of  water,  a  quantity  of  weaker  wort  is  ob- 
dd,  which  is  either  added  to  the  foregoing,  or 

apart,  according  to  the  intention  of  the  ope- 
..    The  wort  is  then  boiled  with  hops,  which 

it  an  aromatic  bitter  tafte,  and  are  fuppofed  to 
rtr  it  lefs  liable  to  be  fpoiled  in  keeping ;  after 
Ih-,  it  is  cooled  in  mallow  veflels,  and  fuffered  to 
SB&tj  with  the  addition  of  a  proper  quantity  of 
..  The  fermented  liquor  is  beer;  and  differs 
lly  in  its  quality,  according  to  the  nature  of  the 
,,  the  malting,  the  malhing,  the  quantity  and  kind 
te  hops  and  the  yeaft,  the  purity  or  admixtures  of 
water  made  ufe  of,  the  temperature  and  vicifli- 

of  the  weather,  &c. 
!  fides  wine  and  beer,  which  are  made  immedi-  Metheglin  and 

from  vegetables  ;  other  fermented  liquors,  con-  koumlfs* 
ug  ardent  fpirit,  are  made  from  honey  and  from 
.s  milk.  The  former  is  called  metheglin  j  and 
utter,  which  is  made  by  the  Tartars,  koumifs  *. 
Ilaft  is  made  by  agitating  the  milk,  at  the  time 
its  parts  begin  to  feparate,  by  a  fermentation 

£Hve  of  a  peculiar  acid,  called  the  acid  of  milk, 
Ttcr  to  be  defcribed. 


^Grieve,  ia  the  Edinburgh  Tranfa&ions,  vol.  i.  p.:  18:. 
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ARDENT 
SPIRIT. 


In  order  to  obtain  ardent  fpirit,  nothing  more  1$ 
neceflary  than  to  expofe  wine,  beer,  or  any  other  fer- 
Produd  of  vi-  mented  vinous  liquid,  to  diftillation ;  and  the  product 
defoliation."  ^  which  comes  over  is  the  ardent  fpirit  itfelf,  conta 
nated  with  eflential  oil.  If  this  be  rectified  by  a 
cond  diftillation,  it  becomes  much  purer.  The  molt 
volatile  part  rifes  firft,  and  is  of  a  lefs  fpecific  gravity 
than  that  which  comes  over  afterwards. 
Refidue.  The  refidue,  after  the  diftillation  of  ardent  f' 
from  wine,  is  of  a  deep  colour,  a  rough  acid  ta 
and  depofits  cryftals  of  tartar.  The  colouring  mat, 
is  foluble  in  ardent  fpirit.  So  that  it  appears, 
this  imperfect  analyfis,  that  wine  confifts  of 
ardent  fpirit,  colouring  matter  of  a  refmous  naf 
fugar,  tartar,  and  tartareous  acid,  and  an  aros 
principle. 

Strength  of  ar-      The  ftrerigth  or  purity  of  ardent  fpirit  is  a 

dent  fpirit  deter-  .      r      .  r  .         r1         ,  -..a 

mined  by  M.  tamed  from  its  Ipecinc  gravity ;  tor  the  additi 
Bones.  water  renders  it  heavier.    According  to  M.  B 

whofe  Memoir,  publifhed  at  Montpellier  in  the 
1774,  obtained  the  prize  propofed  by  the  ftat 
Languedoc  in  1772,  the  fpecific  gravity  of  re 
ardent  fpirit  repeatedly  poured  on  dry  fait  of 
till  it  would  no  longer  diflblve  or  liquefy  it,  was 
by  many  experiments  to  be  as  follows  : 

Reaumur's  Therm,  -f  io°  =  S20  ||4f 

15°  =  8i7t^-t 
20°  =  813 

The  fpecific  gravities  of  mixtures,  by  meafure, 
the  foregoing  fpirit  with  diftilled  water,  were 
follows; 
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0 

"Water 

0 

Specific  gravity  817  5f-f-s 

9 

- — 

1 

—   -  844  m% 

8 

2 

7 

— 

3 

-   -  893 

6 

— 

4 

—  9I5'to¥t 

5 

5 

-       -    934  4Hf 

4 

6 

-      ~    95i  fftf 

3 

7 

-   -  ^s:mf 

2 

8 

-       -     976  Hjt 

1 

9 

-       -    937  AVt 

0 

10 

- —    1,000 

ARDENT 
SPIRIT. 


Specific  gravities 
of  various  mix- 
tures of  water 
and  fpirit. 
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pon  the  above  experiments,  which  are  among  the  Obfervations, 

accurate  we  poffefs  *,  it  may  be  obferved,  that 
Ifirft  term,  or  pure  fpirit,  ought  to  be  obtained 
an  alkali  perfectly  mild,  or  faturated  Math  fixed 
becaufe,  otherwife,  folution  and  combination  of 
llkali  with  the  fpirit  might  take  place.    By  diftil- 
n  of  twenty  meafures  of  the  beft  ardent  fpirit  of 
fhops,  whofe  fpecific  gravity  was  0.836  over  a 
in  glafs  veffels,  I  found  the  firft  meafure  which 
e  over  had  a  fpecific  gravity  of  820,  at  the  tem-  Strongeft  arJent 
ture  of  710  Fahrenheit-,  which  anfwers  to  i7y  of  ^ftMatfooT^ 
mmur.    This  is  the  ftrongeft  fpirit  mere  diflilla- 
can  afford.    When  ftrong  ardent  fpirit  is  added 
'atcr,  a  confiderable  heat  is  produced,  a  few  bub- 
of  air  are  emitted,  the   mixture  contracts  in 
limenfions,  and  acquires  a  greater  fpecific  gravity 
1  would  have  been  deduced  by  computation. 

I  Sec  a  very  valuable  fet  of  experiments  on  this  fubjc£t  by  Mr. 
in;  of  which  Dr.  Blagdcn  has  made  a  report  in  the  Phil. 

uf.  IXXX.  311. 
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PROOFS  OF  BRANDIES,  ETC* 


It  is  by  no  means  an  eafy  undertaking  to  determine 
the  ftrength  or  relative  value  of  ardent  fpirit,  even 
Rcquifites  ordc- with  fufficient  accuracy  for  commercial  purpofes. 
tain  the  lircngth  The  following  requifites  muft  be  obtained  before  this 
pint*         can  be  well  done  :  The  fpecific  gravity  of  a  certain 
number  of  mixtures  of  ardent  fpirit  and  water  muft 
be  taken  fo  near  each  other,  as  that  the  intermediate 
fpecific  gravities  may  not  perceptibly  differ  from  thofe 
deduced  from  the  fuppofition  of  a  mere  mixture  of 
the  fluids :  the  expanfions,  or  variations  of  fpecific 
gravity,  in  thefe  mixtures,  muft  be  determined 
different  temperatures :  fome  eafy  method  muff  be 
contrived  of  determining  the  prefence  and  quantity 
of  faccharine  or  oleaginous  matter  which  the  fpiri 
may  hold  in  folution,  and  the  effe£t  of  fuch  folution 
on  the  fpecific  gravity :  and,  laftly,  the  fpecific  gra 
vity  of  the  fluid  muft  be  afcertained  by  a  prope 
floating  inftrument  with  a  graduated  ftem,  or  fet  o 
weights;  or,  which  may  be  more  convenient,  with 
both. 

Phial  proof.  The  ftrength  of  brandies  in  commerce  is  judged  b 
the  phial,  or  by  burning.  The  phial  proof  confifts  in 
agitating  the  fpirit  in  a  bottle,  and  obferving  the  form 
and  magnitude  of  the  bubbles,  which  are  larger 
ftronger  the  fpirit.  Thefe  probably  depend  on  tl( 
folution  of  refmous  matter  from  the  calk,  which 
taken  up  in  greater  quantities,  the  ftronger  the  fpiri 
It  is  not  difficult  however  to  produce  this  appearanc 
Proof  by  burn-  by  various  fimple  additions  to  weak  fpirit. — The  proof 
by  burning  is  alfo  fallacious ;  becaufe  the  magnitude 
of  the  flame,  and  quantity  of  refidue,  in  the  fame 
fpirit,  vary  greatly  with  the  form  of  the  veffel  it  1$. 

burneJ 


me 


CHARACTERS  OF  ARDENT  SPIRIT. 


469 


ned  in.  If  the  veflel  be  kept  cool,  or  fuffered  to  ardent 
ome  hot,  if  it  be  deeper  or  (hallower,  the  refults  S1MRIT*  t 
!  not  be  the  fame  in  each  cafe.  It  does  not  follow, 
/ever,  but  that  manufacturers  and  others  may  in 
ry  inftances  receive  confiderable  information  from 
~e  ftgns,  in  circumftances  exactly  alike,  and  in  the 
rfe  of  operations  wherein  it  would  be  inconve- 
tit  to  recur  continually  to  experiments  of  fpecific 
/ity. 

?he  molt  remarkable  charaeteriftic  property  of  Chara&ers  and 

r  ■  .      .  r  *  1  *i-  1  •      •        •        11  component  parts 

snt  fpmt,  is  its  folubihty  or  combination  in  all  of  ardent  fpirit : 
^portions  with  water ;  a  property  poflefled  by  no 
x  combuftible  fubftance.    When  it  is  burned  in  a 
rnney  which  communicates  with  the  worm-pipe  of  a 
tiling  apparatus,  the  product  which  is  condenfed 
oound  to  confift  of  water,  which  exceeds  the  fpirit 
■  weight  about  one  eighth  part.    If  ardent  fpirit  be 
rned  iu  clofed  veflels  with  vital  air,  the  product  is 
:  id  to  be  water  and  fixed  air.    Whence  it  is  in- 
ed,  that  ardent  fpirit  confifls  of  inflammable  air, 
:ed  eijther  to  fixed  air,  or  its  acidifiable  bafe  y  and 
the  vital  air,  uniting  on  the  one  part  with  in- 
nmable  air,  forms  water  ;  and,  on  the  other,  with 
bafe  of  the  fixed  air,  and  forms  that  acid  *. 
X  confiderable  number  of  the  ufes  of  this  fluid,  as  —  its  ufes  and 
uenftruum,  have  already  pafled  under  our  obfer- com  inatlons* 
on.    The  mutual  action  between  ardent  fpirit  and 

For  an  account  of  rhefe  experiments,  and  the  precautions 
Pflary  to  be  attended  to  in  making  them,  coufult  the  Memoirs 
W.  Lavoifier,  in  the  Memoirs  of  the  Royal  Academy  at  Taris 
1781  and  1784. 

II  h  3  acids, 
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ardent     acids,  produces  a  light,  volatile  and  inflammable  oil, 
t  SP1*IT-  >  called  ether.    Pure  alkalis  unite  with  fpirit  of  wine,ij 
Mutual  aaion  of  and  form  alkaline  tinctures.    Few  of  the  neutral  falts  |j 
faftst* ffirit  ^  unite  with  this  fluid,  except  fuch  as  contain  the  vola-t 
tile  alkali.    The  mild  fixed  alkalis,  or  combination! 
of  alkali  and  fixed  air,  are  not  foluble  in  it.  Fromij 
.  .■  the  ftrong  attraction  which  exifts  between  ardeiw 
fpirit  and  water,  it  unites  with  this  laft  in  faline  fohkU 
tions,  and  in  molt  cafes  precipitates  the  fait.    This  id] 
a  pleafmg  experiment,  which  never  fails  to  furprifil 
thofe  who  are  unacquainted  with  chemical  effe&sl 
If,  for  example,  a  faturated  folution  of  nitre  in  watJ 
be  taken,  and  an  equal  quantity  of  ftrong  fpirit  o4 
wine  be  poured  upon  it,  the  mixture  will  conftitute  it 
weaker  fpirit,  which  is  incapable  of  holding  the  nittfl 
in  folution ;  it  therefore  falls  to  the  bottom  inftantlm 
in  the  form  of  minute  cryftals.    Among  the  neutfafl 
falts  which  are  foluble  in  fpirit  of  wine,  the  deliquefjl 
cent  earthy  falts  ftand  firft.    Moft  ammoniacal  fall 
.  are  foluble  in  this  menftruum  •,  and  in  general  it  coi 
bines  more  readily  with  fuch  as  have  their  acid  I 
adherent  to  the  neutralizing  bafe. 
and  fulphur :     Sulphur  does  not  appear  to  be  acted  on  mor 
ftrongly  by  ardent  fpirit  than  by  water.    If  fulphur  i 
fublimation  meet  with  the  vapour  of  fpirit  of  wine, 
very  fmall  portion  combines  with  it,  which  commun) 
cates  an  hepatic  odour  to  the  fluid.    The  increaft 
furface  of  the  two  fubftances  appears  to  favour 
combination. 

—  and  phofpho-  Phofphorus  is  fparingly  foluble  in  ardent  fpiri 
but  in  greater  quantity  by  heat  than  in  the  cold.  TU 
addition  of  water  to  this  folution  affords  an  opal 

mill 
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[  ilky  fluid  which  gradually  becomes  clear  by  the  fub-  ardent 
:  ience  of  the  phofphorus.  v  SPI^1  *  3 

Earths  feem  to  have  fcarce  any  action  upon  ardent  —  and  earths. 

irit.    Quick-lime  however  produces  fomc  alteration 
I.  this  fluid,  by  changing  its  flavour,  and  rendering 
of  a  yellow  colour.    A  fmall  portion  is  probably 

ken  up. 

Soaps  are  diflblved  with  great  facility  in  ardent 
writ,  with  which  they  combine  more  readily  than 
iith  water.  None  of  the  metals,  nor  their  calces, 
•e  adted  upon  by  this  fluid.  Refins,  eflential  oils,  Spirituous  folu- 
imphor,  bitumen,  and  various  other  fubftances,  are tums' 
iflblved  with  great  facility  in  ardent  fpirit,  from 
rhich  they  may  be  precipitated  by  the  addition  of 
rater. 
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CHAP.  IX. 


CONCERNING    THOSE    INFLAMMABLE    FLUIDS  WHICH 
ARE  PRODUCED  BY  THE  ACTION  OF  ACIDS  UPON 
SPIRIT  OF  WINE,-- AND  ARE  KNOWN  BY 
THE  NAME  QF  ETHER, 

ether.  TT7TIEN  ftrong  vitriolic  acid  is  poured  upon  an 
^Trr     *T.     I    W    equal  meafure  of  rectified  fpirit  of  wine,  the 

The  making  of  ^  r 

vitriolip  ether,    two  fluids  unite  together,  with. a  hifling  noife  and  the 
production  of  heat,  at  the  fame  time  that  a  fragrant 
vegetable  fmell  is  emitted,  refembling  that  of  apples :{ 
it  is  more  advantageous,  however,  to  add  the  acid  in) 
fo  gradual  a  manner  as  to  produce  little  or  no  heat,  j 
If  the  mixture  be  made  in  a  retort,  and  then  expofed 
to  diflillation  by  a  well-regulated  heat  in  a  fand-bat 
a  large  receiver  being  adapted,  and  kept  cool  by  ii 
merfion  in  water,  or  by  the  frequent  application 
wet  cloths,  the  volatile  products  may  be  fafely  conn 
denfed.    Spirit  of  wine  of  a  fragrant  fmell  coi 
over  firft,  and  is  followed  by  the  ether,  as  foon  as 
,       fluid  in  the  retort  begins  to  boil.    At  this  period 
upper  part  of  the  receiver  is  covered  with  large  diftii 
ftreams  of  the  fluid,  which  run  down  its  fides.  Afterp 
the  ether  has  pafied  over,  volatile  fulphureous  acid 
arifes,  which  is  known  by  its  white  fumes  and  pecu 
liar  fmell.    The  receiver  muft  now  be  removed,  an', 
another  fubftltuted  in  its  place,  care  being  taken 
avojd  breathing  the  penetrating  fumes  of  the  acid 

Th 
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ie  fire  muft  at  the  fame  time  be  moderated,  becaufe  ether, 
j  refidue  in  the  retort  is  difpofed  to  fwell.    A  Diftniation  of 
'it  yellow  oil,  called  fweet  oil  of  wine,  comes  vitriolic  ether. 
it  after  the  ether,  and  this  is  fucceeded  by  black 
il  foul  vitriolic  acid.    The  refidue  varies  in  its  pro- 
"ties  according  to  the  management  of  the  heat.  If 
fire  be  much  increafed  towards  the  end  of  the 
jcefs,  the  volatile  vitriolic  acid  which  comes  over 
i  be  mixed  with  vinegar.    If  the  remaining  fluid 
tained  in  the  retort,  after  the  ether  has  palled 
r,  be  not  urged  farther,  it  may  be  made  to  afford 
re  ether,  by  the  addition  of  one-third  of  very 
•ng  ardent  fpirit  j  and  this  may  be  repeated  fuccef- 
ly,  until  near  twice  the  quantity  of  the  fpirit  origi- 
y  made  ufe  of  has  been  added. 

^ther  of  the  firft  diftillation  is  not  pure,  but  con-  Reaifieation. 
s  fpirit  of  wine  and  fulphureous  acid,  which  may 
.eparated  by  the  addition  of  a  fixed  alkali,  and  rec- 
ing  with  a  gentle  heat.    In  this  rectification,  a? 
.11  others,  the  firft  products  are  the  pureft. 
Vitriolic  ether  is  one  of  the  lighten:  and  moft  vo-  Charaftcn. 
e  of  all  denfe  and  unelaftic  fluids.    Its  diflipation 
•  the  air  is  fo  fudden  as  to  produce  an  extreme 
ree  of  cold.    It  is  highly  inflammable,  and  burns 
u  a  more  luminous  flame,  and  emits  more  fmoke 
1  ardent  fpirit. 

ibout  ten  times  its  weight  of  water  is  'fufficient  Solubility  in 
iflblve  it.    A  fmall  proportion  of  water  renders  water' 
:&ined  ether  more  pure,  becaufe  it  combines  with 
ardent  fpirit  and  acid  it  may  contain ;  but  there 
afon  to  think,  on  the  other  hand,  that  the  ether 
ves,  and  combines  with  part  of  the  water. 

Little 
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ether.         Little  is  known  of  the  acYion  of  this  fluid  upon 


^rfaline  fubitances.    Lime  and  fixed  alkalis  do  not  fecm 

Combinations  of  „     „.         ,    .,  J^H 


v   ; 


Combinations  of  .        _        .         .    .,  . 

vitriolic  ether,  capable  of  uniting  with  it.  Laultic  volatile  alkali 
combines  with  it  in  all  proportions;  vitriolic  acid 
unites  with  it,  and  extricates  heat,  and  from  this 
combination  fweet  oil  of  wine  may  be  obtained  by 
diftillation.  Nitrous  acid  eflervefces  with  ether,  and 
renders  it  more  oily.  It  diffolvcs  camphor  very  plen- 
tifully. 

Method  of  pre,     The  nitrous  acid  afts  very  rapidly  and  powerfully 

paring  uitrQus  ardent  fpirit,  with  which  it  forms  a  combina- 

ether.  uj»v»i  r  _ 

tion,  poffefTmg  properties  fimilar  to  thofe  of  the  vita- 
ohc  ether.    The  combination  takes  place  without  the 
afliftance  of  heat,  and  with  fuch  facility,  that  it  is 
even  neceffary  to  add  the  acid  by  degrees,  and  to  ufe 
management  for  the  purpofe  of  preventing  an  explo 
fion,  which  might  arife  from  the  heat  generated  by  u 
the  mixture,    For  this  purpofe  fix  ounces  of  highly  | 
reftified  fpirit  of  wine  are  put  into  a  bottle  capable  of  I 
containing  a  pound  of  water,  and  immerfed  in  a  tub 
of  very  cold  water,  in  which  it  will  be  advantageous 
to  put  three  or  four  pounds  of  ice  broken  fmall.  Up-| 
on  the  fpirit  in  this  fituation,  and  kept  continually 
agitated,  four  ounces  of  fpirit  of  nitre,  of  the  fpecifc 
gravity  of  1.5,  are  to  be  poured,  in  four  or  five  fucccH 
five  portions.    As  foon  as  the  mixture  is  completed, 
the  bottle  muft  be  clofed  with  a  good  cork,  fecurd  ... 
with  leather  and  packthread,  or  wire  ;  and  the  wb<*  . 
muft  be  left  in  a  place  where  it  may  remain  und> 
turbed ;  no  other  attention  being  necctiary  than  tha 
of  renewing  the  water,  from  time  to  time,  as  it  tt*. 
become  heated.    In  the  courfe  of  two  or  three  hour* 
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tranfparency  of  die  fluid  becomes  troubled,  by  an 
nity  of  drops  of  ether,  which  are  jdifengaged  from  jj^XT^- 
ny  part  of  its  volume.  This  ether  gradually  rifes  to  paring  nitioi^ 

furface  *,  and  at  the  end  of  twenty-four,  hours  it 
\y.be  feparated  from  the  reft  of  the  liquor  by  means 
ja  funnel,    In  opening  the  phial,  it  is  neceflary  firft 
fierce  the  cork  with  a  pointed  inftrument,  in  order 
:t  a  quantity  of  elaftic  fluid  may  efcape,  which  might 
terwife  fuddenly  follow  the  cork,  and  carry  part  of 
fluid  along  with  it.    The  quantity  of  ether  ob- 
ted  in  this  manner  will  be  about  four  ounces. 
-Jitrous  ether  in  this  flate  refembles  vitriolic  ether  Charaften. 
ts  fmell,  but  it  |s  ftronger  and  lefs  agreeable.  Its 
^ur  is  a  light  orange;  and  a  portion  of  the  fluid 
;!s  the  elaftic  form,  and  efcapes  with  efferveftence 
:mever  the  bottle,  which  contains  it,  is  opened, 
s  ether  appears  to  contain  a  portion  of  uncombined 
.,  upon  which  thefe  phenomena  probably  depend. 
iuft  be  rectified  with  a  fmall  addition  of  alkali, 
ing  which  operation  it  lofes  near  half  its  weight. 
!  rectified  nitrous  ether  burns  with  a  flame  rather 
e  luminous  than  that  of  vitriolic  ether,  at  the 
e  time  that  it  affords  a  fomewhat  larger  portion 
fmoke,  and  leaves  a  black  trace  behind  it.  In 
r  refpe£ts  it  feems  nearly  to  refemble  the  vitriolic 
sr. 

fitrous  ether  may  be  made  with  lefs  danger,  if 
acid  be  diluted,  and  the  quantity  of  fpirit  duly 
portioned.  It  may  alfo  be  had  by  diftillation  of  a 
tture  of  the  two  fluids,  in  the  fame  manner  as  the 
colic  ether ;  but  in  this  cafe  it  is  requifite  that  the 
iving  veflels  llioilld  be  uncommonly  large,  and 

that 
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ether.      that  every  precaution  fhould  be  taken  to  prevent  their  j 
J^^Hf"^-  flying  in  pieces  by  the  force  of  the  elaftic  product  I 
She"8  nitr°US    w*"°k  e^caPes »   ancl,  uPon  tne  whole,  it  does  not 
feem  probable  that  any  ordinary  degree  of  precaution  f 
would  be  fufhcient  to  infure  the  operator  from  danger  f 
in  this  diffcillation.    One  very  eflential  circumftance 
confifts  in  ufing  the  acid  in  a  diluted  ftate. — Nitrous  i 
ether  has  alfo  been  made  by  lefs  direct  proceffes.  If 
a  due  proportion  of  nitre  and  vitriolic  acid  be  fuc-j 
ceflively  put  into  a  tubulated  retort,  the  nitrous  acid  I 
begins  to  be  difengaged ;  and,  if  fpirit  of  wine  be| 
added  to  this  mixture,  nitrous  ether  comes  over.  Sora 
degree  of  precaution  is  neceflary  in  this  procefs ;  am 
it  might  be  doubted  whether  part  of  the  ether  whicl 
comes  over  might  not  have  been  formed  by  the  vitri 
olic  acid,  if  molt  of  the  difficulties  were  not  remova 
by  the  ufe  of  the  apparatus,  fig.  22.    If  the  tube  ] 
be  immerfed  in  a  bottle  containing  highly  recline* 
fpirit  of  wine,  and  the  nitrous  acid  be  diftilled  from  1 
quantity  of  nitre  equal  in  weight  to  twice  the  fp" 
of  wine,  together  with  as  much  concentrated  vitrio 
acid  as  is  equal  to  half  the  weight  of  the  nitre ;  th 
firfl:  receiver  D  will,  at  the  end  of  the  operation,  cool 
tain  fuming  nitrous  acid ;  the  remote  bottle  E  w; 
contain  an  ethereal  liquor;  and  the  refidue  will 
vitriolated  tartar.    The  ethereal  fpirit  of  wine  m 
then  be  diftilled,  and  the  firfl  two-thirds  of  the  p. 
duel:  referved.  This  referved  product  muft  be  diftill 
with  one-fifth  of  its  weight  of  fmoking  nitrous  aci 
added  by  degrees  to  the  liquor,  in  a  tubulated  retor 
by  means  of  a  long-necked  funnel.    Two  thirds 
this  product  only  are  to  be  taken  ;  which,  being  re 
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.  from  pot-afh,  afford  at  firft  a  quantity  of  very  hther. 
ee  nitrous  ether,  equal  to  about  one  twelfth  of  the  1^7    ~V,    *  ' 

'      *  Nitrous  ether, 

i  it  made  ufe  of  •,  and  three  fourths  of  the  reft  being 

illed  over,  confift  of  a  lefs  perfect  ether,  or  mine- 
anodyne  liquor.  The  refidues  of  the  diftilktions 
fill  of  dulcified  fpirit  of  nitre  *. 
;t  is  proper,  even  here,  to  take  notice  that  all  mix- 
is  of  the  nitrous  acid  and  ardent  fpirit  require  to 
made  very  gradually,  and  with  great  caution,  for 
of  explofions. 

'he  refidue,  after  diftillation  of  nitrous  ether,  is 
iid,  in  fome  proportions  of  the  materials  and  ma- 
esment  of  the  procefs,  to  contain  no  nitrous  acid, 
an  imperfect  vinegar,  and  the  acid  of  fugar  or 
esl. 

The  marine  acid  cannot  be  combined  with  fpirit  of  Method  of  pre. 
82  in  the  direct  way.  There  are  many  indirect  ether!  mannc 
iiods,  which  confift  in  applying  the  dephlogifticat- 
II  aerated  marine  acid  to  ardent  fpirit.  If  to  forni- 
xes of  common  fait,  and  two  ounces  of  pulverized 
,ganefe,  there  be  added  two  ounces  of  concentrated 
(olic  acid,  and  fix  ounces  of  the  pureft  ardent  fpi- 
und  the  whole  be  expofed  to  diftillation  by  a  gentle 

,  the  marine  acid  will  firft  rife,  fomewhat  changed; 

after  a  confiderable  portion  has  pa  fled  over,  it  muft 
roured  back  upon  the  refiduum,  and  diftilled  afrefli. 

his  diftillation,  nearly  the  half  which  firft  comes 
will  be  dulcified  fpirit  of  fait ;  and  the  greatcft 

of  the  other  half,  marine  ether,  which  may  be 

rated  from  the  reft  by  the  addition  of  water. 


*  Dc  la  Planche,  quoted  by  Fourcroy,  iv.  252. 

Marine 
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Marine  ether  is  very  tranfparent  and  volatile,  arid 
has  nearly  the  fame  fniell  as  the  vitriolic  ether.  It 
burns  like  that  fluid,  and  affords  a  fmoke,  with  a  fuffo- 
eating  fmell. 

Methods  of  pre-     It  is  doubted  whether  any  ethereal  fluid  can  be  ok 

paring  acetous         . .  _  ■ 

ether.  tained  by  the  direct  union  of  acetous  acid  and  ardent 

fpirit*    If  equal  parts  of  the  ftrongeft  acetous  acid 

and  ai-dent  fpirit  be  mixed  together,  and  kept  for  force 

days  in  a  well-ftopped  glafs,  and  the  mixture  be  then 

expofed  to  diftillation  by  a  gentle  heat,  the  firft  half 

which  comes  over  will,  it  is  faid,  confift  of  an  ethereal 

fluid,  from  which  the  ether  may  be  feparated,  by  the 

addition  of  a  fixteenth  part  of  vegetable  alkali,  dif- 

folved  in  four  times  its  quantity  of  water.    The  ether 

immediately  rifes  to  the  top,  and  commonly  amounts 

to  one  half  of  the  quantity  of  the  ardent  fpirit  made 

ufe  of.    To  the  vinegar  that  remains  in  the  re 

half  the  quantity  of  ardent  fpirit  may  be  added, 

which  flill  more  of  the  ether  may  be  obtained. 

mofl  certain  and  incontrovertible  method,  hove 

appears  to  confift  in  forming  the  union  between 

fpirit  and  acid  by  indirect  means.    This  may  be  As 

by  decompofing  fome  acetous  fait,  by  the  addition 

a  mineral  acid,  while  ardent  fpirit  is  prefent.  Thus, 

if  an  ounce  of  alkali  faturated  with  vinegar  be  dif* 

folved  in  three  ounces  of  fpirit  of  wine,  and  a  HJ 

more  of  any  mineral  acid  than  is  fufficient  to  fatu: 

the  alkali  be  added,  and  the  mafs  be  then  difti 

acetous  ether  v.  ill  be  obtained.    Or  if  eight  ou 

of  fugar  of  lead  be  gently  dried,  to  deprive  it  of  it! 

water  of  cryftallization,  which  amounts  to  rather  mof< 

than  one  fourth  of  its  weight ;  if  in  this  ftate  it  1* 

pu 
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it  Into  a  glafs  retort,  and  a  mixture  of  "five  ounces  ether. 
vitriolic  acid,  and  eight  ounces  of  fpirit  of  wine,  %Accl0Vkf^f. 
poured  on  it,  and  the  whole  expofed  to  diflillation 
a  very  gentle  heat,  the  firft  ounce  that  pafTes  over 
11  confift  of  dulcified  acetous  acid,  the  next-  ounce 

:  11  be  almoft  all  ether,  and  the  whole  quantity  of  ether 

ooduced  will  be  near  four  ounces. 

.Acetous  ether  is  not  nearly  fo  volatile  as  the  nitrous 
vitriolic    it  burns  with  a  blue  flame,  like  fpirit  of 

;  ne. 

The  empyreumatic  acid  of  wood  likewife  affords  Ligneous  ether, 
ether.    For  this  purpofe  it  may  be  diftilled  from 
tech,  rectified  a  fecond  time,  and  then  faturated  with 
:ali.    Three  pounds  of  the  acid  require  about  five 
rnces  of  alkaline  fait.    By  evaporation  to  drynefs, 
ith  fubfequent  folution,  filtration,  and  evaporation, 
rcee  ounces  and  a  quarter  of  neutral  fait  are  ob- 
ned.     The  concentrated  acid  of  wood  may  be 
(.engaged  from  this  by  diflillation  with  two  ounces 
vitriolic  acid  j  and  the  quantity  of  acid  of  wood 
js  obtained  weighs  an  ounce  and  three  quarters. 
■  mixing  this  with  an  equal  quantity  of  pure  ardent 
rit,  and  dillilling  it  in  a  fmall  retort,  near  two 
:nces  and  a  quarter  of  ether  are  obtained. 
Equal  parts  Of  fait  of  forrel  and  ardent  fpirit  afford  Saccharine 
out  one  fifth  of  their  weight  of  ether.    The  acid  ethcr" 
fugar  likewife  affords  an  ether  with  fpirit  of  wine, 
mch  can  hardly  be  fuppofed  to  differ  from  the  fore- 
'ing,  as  the  two  falts  are  the  fame. 

'The  acid  of  phofphorus  does  not  produce  an  ethe-  1'hofphoric 
il  combination  by  direct  diftillation  with  ardent  f" 
mt :  but  it  is  faid  that  the  combination  fakes  place 

with 
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ETHER. 


Ether  produced 
by  acid  of  ants : 


—  by  acid  of 
benzoin. 


General  obfer« 
vations. 


with  a  due  mixture  of  ardent  fpirit,  vitriolic  acid,  and 
microcofmic  fait the  phofphoric  acid  being  expelled 
from  its  bafe,  probably  in  a  more  dephlogifticated  itate 
than  when  obtained  by  fuffering  phofphorus  to  deli- 
quesce in  the  air. 

The  acid  of  ants  produces  an  ether,  with  fpirit  of 
winey  by  fimilar  treatment. 

Acid  of  benzoin  does  not  produce  ether  by  fimple 
folution,  and  ftanding  in  fpirit  of  wine ;  but,  when 
one  part  of  the  acid  of  benzoin  is  diftilled  with  three 
parts  of  ardent  fpirit,  and  one  half  part  of  common 
marine  acid,  the  pure  fpirit  comes"  firft  over,  and 
afterwards  an  ethereal  combination,'  one  part  of  which 
floats  upon  water,-  and  the  other  finks  to  the  bottom. 
This  is"  not  more  volatile  than  acetous  ether,  and 
burns  with  a  bright  flame  and  fmoliei 

The  converfion  of  ardent  fpirit  into  ether,  is  a 
procefs  concerning  which  much  remains  to  be  ex- 
plained. It  was  formerly  thought  that  the  acid  did 
nothing  more  than  deprive  the  fpirit  of  a  quantity  of 
Water,  which  was  before  combined  with  it,  and  pre- 
vented its  exhibiting  oleaginous  properties.  It  feem* 
afcertained  however,  at  prefent,  that  all  the  ethers 
contain  a  portion  of  that  peculiar  acid,  by  whofe 
action  the  fpirit  was  changed  j  as  may  be  fhewn  bf 
fuffering  them  to  evaporate,  or  burning  them  away 
upon  water.  It  appears  therefore  that  the  acid,  or 
fome  of  its  component  parts,  combine  either  with 
the  whole  or  part  of  the  ardent  fpirit.  Some  chemift* 
have  with  confiderable  probability  aflerted,  that  the 
bafis,  or  acidifiable  principle,  of  the  acid,  combines 
with  the  fpirit  by  the  effect  of  a  double  affinity ;  w, 

that- 
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the  vital  air  of  the  acid  combines  with  a  portion  ether. 
cetous  bafis  exifting  in  the  fpirit,  and  forms  vi-  Theoretical  ob- 
ir;  another  portion  combines  with  the  vegetable  fcrvations' 
triples  exifting  in  fuch  a  ftate  as  to  form  the  faccha- 
;  acid    and,  laftly,  the  acidifiable  bafis  itfelf,  which 
:  out  this  vital  air,  is  fuppofed  to  combine  with 
undecompofed  fpirit,  or  vegetable  inflammable 
t:er,  and  rife  in  the  form  of  ether.    In  this  view 
he  fubjecl:,  the  nitrous  ether  is  more  particularly 
tided  to,  and  the  inferences  are  extended  to  other 
1  rs  ;  and  oils  are  fuppofed  to  confift  of  vegetable 
;.mmable  matter,  combined  with  the  bafis  of  an 

jiOn  Ethers,  fee  Wiegleb'i  Chemiftry,  by  Hopfon,  p.  510,  et 
Scheelc's  ElTays,  &c. 


I  i  CHAP. 


VIN£GA#> 


CHAP.  X. 


CONCERNING  THE  ACETOUS  ACID. 


acetous  A  o  molt  01  the  compounded  vegetable  acids  are 
acid.  1  A.  convertible,  by  nitrous  acid  and  by  other  means, 
into  acid  of  fugar,  and  this  lafl  into  vinegar,  it  is 
evident  that  fermentation  is  Only  one  of  the  proceflcs 
which  change  the  principles  of  plants  into  this  leaft 
deftructible  of  vegetable  acids.  All  the  vinegar  how- 
ever which  is  ufed  in  the  common  purpofes  of  life,  is 
d  ude  vinegar,  obtained  by  fermentation.  Crude  vinegar  contains  not 
only  that  peculiar  acid  which  is  diftinguifhed  by  the 
name  of  acetous,  but  likewife  tartar,  oily  matter,  and 
frequently  fome  of  the  acids  of  the  fruits  from  which 
it  may  have  been  procured.  It  is  ufual  to  purify  it 
by  diftillation.  The  firft  product  confifts  of  a  watery 
fluid,  of  a  lively  and  agreeable  fmell,  though  fcarcely 
acid.  Next  follows  the  acetous  acid,  commonly  cal- 
led diftilled  vinegar,  which  has  a  peculiar  fmell,  lef$ 
agreeable  than  that  of  the  crude  vinegar.  As  the 
diltillation  proceeds,  the  volatile  product  becomes 
more  and  more  acid,  fomewhat  darker  coloured,  attd 
of  an  empyreumatic  fmell.  The  refidue,  after  the 
greatell  part  of  the  fluid  has  been  volatilized,  has 
a  deep  browniih  red  colour,  is  confiderably  acid,  and 
depofits  a  quantity  of  tartar.  By  diftillation  to  dry 
nefs,  it  affords  a  reddifh  phlegm ;  more  acid  ;  an  oil,  at 
fir  ft  light,  and  afterwards  heavy ;  together  with  a 

fmall  quantity  of  volatile  alkali :  the  refidual  coal  con 

tains 


Diftilled  vine- 
gar, or  acetous 
acid. 
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'tains  much  fixed  alkali.   The  quantity  of  acid  product  acetous 
rreferved  as  diftilled  vinegar,  is  commonly  about  two  t    ACID'  ^ 
tthirds  of  the  whole. 

Vinegar  may  be  concentrated  by  froft,  which  fepa-  Concentration  ef 

m,  .  r    .  -ii    vinegar  by  froft. 

rrates  its  aqueous  part.  JLhis  procels  is  particularly 
applicable  to  crude  vinegar;  as,  by  this  means,  the 
^grateful  flavour,  and  peculiar  properties,  are  preferved.  ' 
.An  ingenious  method  has  been  contrived  for  com- 
bining the  two  procefies  of  diftillation  and  congela- 
tion, in  concentrating  and  purifying  vinegar.    In  this  Themoftadvan- 

,      .         .  .         i       i«n-n    1  tageous  method 

vway,  good  wine  vinegar  is  to  be  diftilled  on  a  water  0f  concentrating 
I  bath.    It  is  eflential  to  referve  the  phlegm,  becaufe  vine8ar< 
t the  moil  fragrant  parts  come  over  firft,  and  are  re- 
tained in  this  fluid.    The  diftilled  vinegar  and  phlegm 
being  then  expofed  to  a  freezing  cold,  and  the  ice 
:  taken  out,  a  concentrated  acid  remains  ;  which  may 
Ibe  completely  deprived  of  its  extraneous  and  oily 
j parts,  by  repeated  rectifications  on  a  water  bath. 
At  the  beginning  of  the  rectification,  a  very  fpiri- 
tuous  fluid  pafles  over ;  which  being  feparated,  and 
rectified  by  itfelf,  yields  a  true  and  fine  ether,  of  a 
very  pleafant  fmell,  and  immifcible  with  water;  which 
ether  is  to  be  added  to  the  ftrong  and  purified  vinegar 
obtained  by  the  repeated  rectifications.    The  author 
of  this  method  obferves,  that  the  peculiar  and  unplea- 
fant  fmell  of  diftilled  vinegar  proceeds  from  fome  oily 
parts  which  pafs  over  in  the  diftillation ;  and  that, 
when  thefe  parts  have  been  feparated  by  rectifying 
the  acid  concentrated  by  froft,  it  again  recovers  the 
pleafant  fmell  of  undiftilled  vinegar  *. 

*  Lowitz,  in  Crell'j  Annals,  quoted  by  Kcir  in  his  Chemical 
'  Dictionary,  page  32. 

I  i  1  Purr 
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acetous       Tu're  acetous  acid  enters  into  many  combination*} 

i  ^CIP*   j  ^nd    is   recovered  again  by  decomposition,  though 

Combinations  of  feldom  perhaps  in  its  original  (late.  In  many  of  it^ 
combinations  it  feems  neceffary  that  it.  mould  become 
more  ftrongly  acidified  by  attracting  vital  air  from 
the  atmo'fpher'e,  or  from  other  bodies.  This  circiim- 
ftanCe  has  not  been  fufEciently  attended  to,  to  admit 
of  a  proper  diftinction  of  every  cafe  in  which  it  may, 
or  may  not,  happen.  We  fhall  not  therefore  attempt 
to  point  them  out,  except  incidentally,  and  where  the 
facts  are  clear. 

— with  argilla-  The  acetous  acid  unites  with  earth  of  alum,  fcftj 
argillaceous  earth,  in  considerable  quantity,  and  form9 
a  whitifh  faline  mafs,  which  is  not  cryftallizable. 
There  is  however  a  difagr cement  among  practical 
chemifts  refpe&ing  this  combination.  Some  afiert 
that  it  takes  place  very  fparingly,  and  forms  fmall 
needled  cryftaL.  Thefe  differences  may  probably 
depend  on  certain  circumftances  relative  to  the  edui- 
coration  of  the  earth  of  alum,  after  it  has  been  pre- 
cipitated from  its  foiution  by  an  alkali. 

—  with  calca-       Calcareous  earth  is  readily  diflblved  in  the  acetous 

acid,  and  forms  a  fait,  the  figure  of  whofe  cryftals  If  - 
varies  according  to  circumftances.  It  is  permanent 
in  the  air,  unlefs  the  acid  be  in  excefs ;  in  which 
cafe  it  deliquefces.  Its  taffe  is  fharp  and  bitter. 
When  diftilled  without  addition,  the  acid  quits  the 
earth,  and  appears  in  the  form  of  an  inflamma- 
ble vapour,  which  condenfes  into  a  reddifli  brown  5! 
liquor ;  and,  when  rectified,  is  very  volatile  and 
inflammable. 

The  acetous  acid  forms  a  faline  mafs  by  combina- 
tion 
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m  with  ponderous  earth,  which  does  not  cryftallize,  acetous 
it,  if  dried,  attracts  moifture  from  the  air.  v    A"P"  > 

!Magnefian  earth  unites  with  acetous  acid,  and  Combination  of 
cords  a  very  foluble  fait ;  wliich,  when  perfectly  with  magnefia : 
turated  and  evaporated,  affords  a  vifcid  mafs,  refem- 
ing  gum  water.  Its  tafte  is  fweetifh  at  firft,  but 
tervrards  bitter;  and  it  is  foluble  in  fpirit  of  wine. 
;ere  heat  diffipates  its  acid,  which  may  be  obtained 
diftillation. 

The  combination  of  vegetable  alkali  with  the  ace-  —  with  vegeta- 
ns acid,  produces  the  fait  improperly  called  foliated  Foliated  earth  of 
rth  of  tartar.    In  the  preparation  of  this  fait,  it  is  tartur' 
ft  to  add  an  excefs  of  acid.    The  evaporation  muft 
carried  to  drynefs  on  a  water  bath,  in  a  glafs  or 
ver  veiVel.    This  fait  cannot  eafily  be  cryftallized. 
;  tafte  is  penetrating,  acrid,  and  urinous ;  heat  de- 
mpofes  it :  by  diftillation,  it  affords  an  acid  phlegm, 
tpyreumatic  oil,  volatile  alkali,  and  much  elaftic 
id,  confifting  of  fixed  and  inflammable  air.  The 
fidual  coal  contains  much  vegetable  alkali.    If  folir  ( 
:d  tartar  be  decompofed  by  the  addition  of  vitriolic 
id  in  diftillation,  the  quantities  being  one  part  of 
^e  concentrated  acid  to  two  of  the  fait,  in  a  tubu- 
ed  retort,  with  a  receiver,  or  apparatus  of  vefTels 
:apted,  the  acetous  acid  immediately  rifes  in  the 
iiftic  form,  with  a  ftrong  effervefcence,  and  is  con- 
infed  in  the  receiver.    This  fluid  is  called  radical  Radical  vinegar. 
;  icgar,  and  its  acid  properties  are  more  intenfe  than 
DOfe  of  common  acetous  acid.    It  is  highly  probable 
at  this  augmentation  of  acidity  is  produced  by  the 
mfition  of  vital  air  from  the  vitriolic  acid  to  the 
stous ;  perhaps  with  the  contrary  tranfition  of  phlo- 

I  i  3  gifton, 


486, 


ACETOUS  COMPOUNDS. 


gifton.    So  that,  while  the  acetous  acid  becomes  more 
acidified,  a  portion  of  the  vitriolic  acid  has  its  aci- 
Combinations  of  clity  diminifhed,  and  is  converted  into  fulphureous 

acetous  acid:  ,  . 

acid,  which  comes  over,  and  contaminates  the  pro- 
duct in  the  receiver. 

—  with  mineral     The  acetous  acid  unites  perfectly  with  the  mineral 

alkali,  and  forms  a  cryftallizable  permanent  fait.  The 
properties  of  the  acetous  fait  of  mineral  alkali  do  not 
remarkably  differ  from  thofe  of  the  foliated  earth  of 
tartar.  By  diftillation  with  vitriolic  acid,  it  affords  a 
purer  acetous  acid  than  the  foliated  tartar  does. 

—  with  volatile      The  fait  formed  by  uniting  acetous  acid  with  vola? 

tije  alkali,  has  been  called  fpirit  of  Mindererus,  or 
acetous  fal  ammoniac.  It  does  not  eafily  cryflallize ; 
for  which  purpofe  it  requires  to  be  evaporated  to  the 
confiftence  of  fyrup,  and  then  expofed  to  the  cold. 
It  foon  attracts  the  moifture  of  the  air,  and  has  a 
fharp  and  burning  tafte.  This  fait  is  decompofable 
by  heat ;  by  lime  and  alkalis,  which  feize  its  acid } 
or  by  the  mineral  acids,  which  feize  its  bafe. 

—  with  gold :       The  acetous  acid  has  no  effect  on  gold  in  the  me- 

tallic ftate.  When  added  to  a  folution  of  gold,  it 
throws  it  down  in  the  metalline  form.  The  precipi- 
tate of  gold,  effected  by  a  fixed  alkali,  becomes  of  a 
purple  colour  when  digefled  with  the  common  acetous 
acid.    Radical  vinegar  diffolves  it. 

—  with  filvcr.       Silver  is  not  acled  on  by  acetous  acid;  though  the 

calces  of  this  metal,  obtained  by  an  alkali  from  ni- 
trous acid,  are  foluble. 

Platina  is  likewife  infoluble  in  this  acid  ;  though 
its  precipitate  from  aqua  regia,  by  a  fixed  alkali,  is 
foluble. 

Acetou^ 
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'Acetous  acid  does  not  appear  to  be  affected  by  acetous 
•Tcury ;  but  it  diflblves  the  mercurial  calces.    The  L    ACJD*  y 
rftals  of  this  folution  have  a  foliated  appearance,  Combination  of 

1,  .        ,         r    i         .  ,     r  ,  acetous  acid  with 

embhng  that  ot  the  acid  or  borax.  mercury : 

Lead  is  diflblved  with  the  greatefc  facility  by  vine  with  lead  : 

•.    The  manufacture  of  ceruie  and  fugar  of  lead     Page  270. 
i  >  before  engaged  our  attention. 

Copper  is  likewife  foluble  in  vinegar,  provided  at  with  copper : 

'•'fpheric  air  be  prefent.  The  cryftals  of  acetous  acid 
1  copper  are  improperly  called  diftilled  verdigrife. 
is  from  this  fait  that  radical  vinegar  has  ufually  been 
.tilled  by  mere  heat,  without  addition.  It  i^  at  firft 
i  oured  by  a  portion  of  copper,  which  comes  over  *, 
•  which  reafon  it  muft  be  rectified  by  a  gentle  heat. 
:  e  refidue,  after  diftilling  the  acetous  fait  of  copper, 
mfifts  of  the  metal  in  its  reguline  ftate ;  whence  it 
tfeen  that  the  vital  air  required  to  calcine  the  cop- 
r,  comes  over  with  the  acid,  which  confequently  is 
aa  dephlogifticated  or  aerated  ftate.  The  laft  por- 
;n  of  radical  acid  which  comes  over  is  inflammable, 
k  i  congealable  by  cold. 

)l[ron  is  readily  diflblved  by  the  acetous  acid,  with  —  with  iron. 
t  light  efFervefcence,  and  the  difengagement  of  in- 
nmable  air.    This  folution  depofits  much  calx  of 
n  by  evaporation ;  and  yields  a  few  deliquefcent 
pftals  when  cool.    Very  little  action  takes  place  Compare  page 
p-.ween  common  vinegar  and  iron  filings,  unlefs3°9' 
jj  ftanding;  during  which  time,  it  is  probable  that 
I:  action  of  the  air  may  contribute  in  fome  degree  to 
I:  effea. 

When  tin  is  digefted  with  the  acetous  acid,  a  fmall  —  with  tin, 
I'rtion  appears  to  be  taken  up.    The  acid  becomes 

I  \  4  turbid, 
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Metallic  combi- 
nations. 


Zinc  an  impro- 
per material  to 
defend  copper 
veffels. 


turbid,  acquires  a  metallic  tafte,  and  affords  a  fmall 
quantity  of  precipitate  by  alkalis. 

Bifmuth  and  its  calx  are  foluble  in  this  acid, 
though  fparingly.  Nickel  is  diffolved,  and  the  folu- 
tion  affords  green  cryftals.  Regulus  of  arfenic  is 
infoluble,  but  its  calx  is  taken  up.  The  regulus  of 
cobalt  is  likewife  infoluble ;  its  calx  affords  a  pale 
rofe-coloured  folution,  which  is  a  fympathetic  ink,  and 
receives  a  green  colour  from  marine  acid.  Zinc  is 
foluble  not  only  in  its  metallic  and  calciform  ftates, 
but  alfo,  as  it  is  faid,  when  mixed  with  other  metals: 
hence  it  mould  feem  ill  calculated  to  defend  copper 
veffels  from  the  action  of  this  vegetable  acid.  The 
folution  of  zinc  in  common  acetous  acid  affords  plated 
cryftals.  Regulus  of  antimony  is  very  fparingly 
acted  on  by  the  acetous  acid  ;  infomuch  that  it  might 
be  judged  that  no  action  took  place,  if  it  did  not  im- 
part an  emetic  quality  to  the  fluid.  Manganefe  is  not 
acted  on  by  this  acid  but  with  great  difficulty,  though 
repeated  diftillations  at  length  combine  the  two  fub- 
ftances.  It  has  not  been  afcertained  whether  the. 
acetous  acid  has  any  action  upon  wolfram  or  mo- 
Jybdena. 
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SECTION  VI. 

CONCERNING  THE  PRODUCTS  OF  THE 
ANIMAL  KINGDOM. 


CHAP.  I. 

A   SHORT    ENUMERATION    OF    SUCH    ANIMAL  SUB- 
STANCES AS  HAVE  BEEN  EXAMINED  BY 
CHEMISTS. 

j-nr^HE  general  ftru&ure  and  methods  of  analyfing  animal 
**■     animal  fubftances  have  been  already  noticed,  substances. 
I :  therefore  remains  only  to  enumerate  and  defcribe  Analyfis  and  ar- 
lae  feveral  products  of  this  kingdom,  which  have  en-  ¥^411—41$. 
j.-aged  the  attention  of  chemifts.    In  the  arrangement 
|F  thefe,  as  in  the  vegetable  kingdom,  we  cannot,  on 
i  :count  of  the  imperfect  ftate  of  our  knowledge,  have 
I  xourfe  to  the  nature  of  their  component  parts-,  but 
4  {hall 


PARTS  OF  ANIMALS. 


animal,  fhall  rather  attend  to  the  means  by  which  they  are 
substances.  refpe£tiVely  afforded  or  obtained.  In  this  way  we 
Bnumeration.    may  confider  the  parts  of  animals  as  either, 

I'd  Such  as  are  ufually  obtained  without  deftroying 
life.  Thefe  are  milk,  eggs,  urine,  excrement,  the 
matter  of  perforation,  ambergris,  &o;  wax,  honey, 
gum  lac,  filk,  hair,  horn,  feathers,  &c.  Gr, 

2.  Such  parts  of  animals  as  are  obtained  by  de- 
ftroying them,  or  depriving  them  of  life.  Thefe  are 
blood ;  various  folidsj  confounded  under  the  name  of 
flefh,  fat,  fpermaceti;  bile,  the  gaftric  juice,  and  feveral 
acids ;  together  with  calcareous  earth,  and  other  fub- 
ftances,  common  to  the  mineral  and  vegetable  king 
doms. 
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CHAP.  II. 


"NCERNING  milk,  eggs,   honey,  wax,  lacca, 

SILK,  HAIR,  HORN,  ETC. 

yTILK  is  a  well-known  fluid,  Tecreted  in  peculiar  milk. 
veflels  of  the  females  of  the  human  fpecies,  of  V       ^  ' 

:  ldrupeds,  and  of  cetaceous  animals,  and  deftined  for 
puvpofe  of  nouriftring  their  young.   Its  appearance  General  charao 

11  component  parts  are  not  altogether  the  fame  in  ters,of  milk* 
ious  fpecies  of  animals  j  but  the  differences  have 

::  yet  been  well  afcertained.  For  this  reafon,  in 
ating  of  milk,  our  attention  will  be  confined  to  that 
the  cow,  becaufe  the  molt  abundantly  met  with, 
is  fluid  is  of  a  beautiful  opake  white  colour,  nearly 
limpid  as  water,  and  of  a  pleafant  emulfive  tafte. 
appearance  on  the  ftage  of  a  microfcope  exhibits 
infinity  of  minute  opake  globules  floating  in  a 

mfparent  fluid. 

(Cows  milk,  diftilled  on  a  water  bath,  affords  a  Effea»  of  heat 
itelefs  phlegm  of  a  faint  fmell,  which  is  capable  on  cows 

putrefying.  A  ftronger  heat  coagulates  it.  It  is 
metimes  gradually  dried  into  a  fubftance  which  is 
'►kind  of  faccharine  extra&,  and  may  again  be  dif- 
ffed  in  water.  By  deftru£live  diftillation,  milk 
<brds  an  acid,  a  fluid  oil,  a  concrete  oil,  and  volatile 
:  call.  Its  refidual  coal  contains  a  fmall  quantity  of 
L-getable  alkali,  fome  fait  of  Sylvius,  and  phofphoric 
ilearcous  fait. 

When 
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miK.         When  milk  is  left  to  fpontaneous  decompofition,  at 
v       '  a  due  temperature,  it  is  found  to  be  capable  of  paffing 
through  the  vinous,  acetous,  and  putrefactive  fermen- 
Fcrmentation  of  tations.    It  appears  however,  probably  on  account  of 
the  fmall  quantity  of  ardent  fpirit  it  contains,  that 
the  vinous  fermentation  lafls  a  very  fhort  time,  and 
can  fcarcely  be  made  to  take  place  in  every  part  of  the 
fluid  at  once  by  the  addition  of  any  ferment.  This 
feems  to  be  the  reafon  why  the  Tartars,  who  make  a 
Bag*  465.     fermented  wine  from  mares  milk,  called  kou; 

fucceed  by  ufing  large  quantities  at  a  time,  and 
tating  it  very  frequently. 

When  milk  is  left  expofed  for  fome  hours  in  a 
of  repofe,  a  fmall  quantity  of  thick  fluid  rifes  to 
Cream.      tQ^^  an(j  js  kn0wn  by  the  name  of  cream.    This  c 
Butter.      tains  the  fat  fubftance  called  butter,  which  is  afi 
wards  feparated  from  it  by  agitation  in  the  act 
churning.    The  remainder  afterwards  becomes  fo 
and  undergoes  a  coagulation  which  feparates  it 
two  parts — a  folid  curd  ;  and  a  fluid,  called  ferum 
whey.    This  four  whey  contains  a  peculiar  acid, 
led  the  acid  of  milk,  and  likewife  a  portion  of  vine 
Acid  &f  milk.    The  peculiar  acid  does  not  rife  in  diflillation, 
may  be  feparated  by  evaporating  the  filtered  whe 
one  eighth  ;  and  precipitating  the  phofphovic  fait 
the  addition  of  lime-water,  which  fully  faturates 
acid:  the  fluid  is  then  to  be  diluted  with. three  tim 
its  weight  of  water;  and  the  redundant  lime  prec 
tated  by  faccharine  acid,  in  which  operation  the  exc 
of  the  laft-mentioned  acid  may  be  guarded  a 
by  the  teft  of  a  fmall  portion  of  lime-water.  Th 
purified  liquor  muft  then  be  evaporated  to  the  coft 

fiftene 
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acc  of  honey,  and  the  other  foreign  fubftances  milk. 
ray  contain  will  be  feparated  by  the  addition         v  '  J 
nire  ardent  fpirit,  which  takes  up  the  acid  of  Acid  of  milk. 
.  only.    The  decanted  fohition  being  then  diluted 
\  water,  and  heated,  the  ardent  fpirit  flies  off, 
leaves  the  acid  of  milk  behind,  diffolved  in  the 
rr. 

Ihis  acid  does  not  afford  cryftals  ;  and,  when  eva-  Combinations 

f,  ,  ,  j.       with  various  fub- 

rted  to  dryneis,  it  dehquelces  again  by  expoiure  ftances. 
\r.    With  vegetable  alkali  it  affords  a  deliquef- 
falt,  foluble  in  ardent  fpirit.    With  mineral  al- 
it  affords  a  fait  poffeffing  the  fame  properties, 
lh  volatile  alkali  it  produces  a  deliquefcent  fait, 
;h  yields  much  of  its  alkali  by  diftillation  before 
cid  is  deftroyed  by  heat.    With  lime,  clay,  and 
rous  earth,  it  forms  deliquefcent  falts  ;  but  with 
neiia  it  affords  fmall  cryftals,  which  at  length  cleli- 
i'ce.    The  acid  of  milk  diffolves  iron  and  zinc,  and 
;.uces  inflammable  air.    Copper  affords  a  dark  bliu 
:ion,  which  does  not  cryftallize.    Lead  is  diffolved 
•  fome  days  digeftion,  and  affords  veftiges  of  vitri- 
acid.    Bifmuth,  cobalt,  antimony,  tin,  mercury, 
r,  and  gold,  are  not  affected  by  this  acid  in  a 
(live  or  boiling  heat.    Deftruclivc  diftillation  de- 
ofes  the  acid  of  milk :  water  firft  comes  over ; 
a  weak  acid,  refembling  the  empyreumatic  acid 
artar ;  afterwards  fome  empyreumatic  oil,  with 
of  the  fame  acid,  and  alio  fixed  air,  and 
eavy  inflammable  air.     A  coal  remains  in  the 
■ 

any  vegetable  or  mineral  acid  be  added  to  milk,  Curd, 
urd  is  feparated,  and  coagulates  into  one  mafs,  if 

the 
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MILK. 


Manufa&ure  of 
cheefe : 


the  mixture  be  afiifted  by  the  application  of  heat. 
The  curd  obtained  by  means  of  mineral  acid,  always 
manifefls  figns  of  acidity,  and  is  partially  foluble  in 
boiling  water.  If  any  neutral,  earthy,  or  metallic  fait 
be  added  to  faturation  in  milk,  it  likewife  feparates 
the  curd.  Sugar  and  gum-arabic  produce  a  fimilar 
effect.  Cauftic  alkalis  diffolve  the  curd,  by  the  aflift- 
ance  of  a  boiling  heat ;  and  it  may  again  be  coagu- 
lated by  the  addition  of  acids. 

The  coagulation  of  milk,  in  the  manufacture  of] 
cheefe,  is  effected  by  the  addition  of  rennet,  which  is 
the  infufion  of  the  ftomach  of  a  fucking  calf  in  water,: 
prepared  in  various  ways,  according  to  the  fancy  of  the( 
makers.  This  fluid  feems  to  owe  its  properties  to  the 
gaftric  juice  of  the  animal.  The  feparated  curd  isj 
wrapped  in  a  cloth  with  fait,  and  preffed,  to  depriveM 
it  of  the  fuperfluous  whey  ;  after  which,  it  is  preferra 
for  feveral  months  or  years  before  it  is  confidered  as( 
fit  for  ufe. 

i—  properties.        Cheefe,  when  decompofed  by  deftructive  diftillation 
affords  an  alkaline  phlegm,  an  heavy  oil,  and  much| 
volatile  alkali.    Its  refidual  coal  is  difficult  to  incine- 
rate, and  does  not  afford  fixed  alkali.    By  treating 
with  the  nitrous  acid,  it  is  found  to  contain  lime  an 
phofphoric  acid.    Cheefe  is  not  foluble  in  water.  H 
water  hardens  it. 

Sugar  of  milk.      The  faccharine  fubftance,  upon  which  the  ferment 
ing  property  of  milk  depends,  is  held  in  folution 
•  the  whey  which  remains  after  the  feparation  of  th< 
curd  in  making  cheefe.    This  is  feparated  by  evapora 
tion  in  the  large  way,  for  pharmaceutical  purpofes,  ir 

various  parts  of  Switzerland.    When  the  whey  ha 
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>een  evaporated  by  heat,  to  the  confiftence  of  honey,  milk. 
ti  is  poured  into  proper  moulds,  and  expofed  to  dry  in  sugar  0f  millc . 
:he  fun.    If  this  crude  fugar  of  milk  be  diflblved  in 
ivater,  clarified  with  whites  of  eggs,  and  evaporated  to 
!he  confiftence  of  fyrup,  white  cryftals,  in  the  form  of 
'homboidal  parallelopipedons,  are  obtained. 
Sugar  of  milk  has  a  faint  faccharine  tafte,  and  is  —  Decompofi- 

r  c  t-ijl    tion  by  heat : 

oluble  in  three  or  four  parts  of  water.  It  yields  by 
•liftillation  the  very  fame  produces  that  other  fugars 
do.  It  is  remarkable,  however,  that  the  empyreumatic 

til  has  a  fmell  refembling  flowers  of  benzoin.  Twelve  —  treatment 
lonces  of  diluted  nitrous  acid  being  poured  upon  four  ^ii.  ' 
ounces  of  finely  powdered  fugar  of  milk,  in  a  glafs 
cetort,  on  a  fand-bath,  with  a  receiver  annexed,  the 
:nixture  became  gradually  hot,  and  at  length  eflfer- 
<efced  violently,  and  continued  to  do  fo  for  a  confi- 
l-ierable  time  after  the  retort  was  taken  from  the  fire. 

t  is  neceflary  therefore,  in  making  the  experiment,  to 
ufe  a  large  retort,  and  not  to  lute  the  receiver  too  tight 
co  the  retort.  After  the  effervefcence  had  in  fome 
ineafure  fubfided,  the  retort  was  again  placed  on  the 
;and-bath,  and  the  nitrous  acid  diftilled  off,  till  the 
rnafs  acquired  a  yellowifh  colour.  This  yellow  fluid 
:  :xhibited  no  cryftals.  Eight  ounces  more  of  the  fame 
nitrous  acid  were  therefore  added,  and  the  diftillation 
ugain  repeated,  till  the  yellow  colour  of  the  fluid  dif- 
iippeared.  The  fluid  became  infpiflated  by  cooling  ;  it 
•vas  therefore  rediflblved  in  eight  ounces  of  water,  and 
iiltered.  Seven  drams  and  a  half  of  a  white  powder 
remained  on  the  filter,  and  the  clear  folution  afforded 

:ryftals  of  faccharine  acid.  The  mother  water  was 
Ugain  treated  feveral  times  with  nitrous  acid,  by 

which 
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milk.      which  means  the  whole  was  at  length  changed  into 
*       v         faccharine  acid. 

Peculiar  acid  of     The  white  powder  that  remained  on  the  filter  wtji  I 
8ar  °       *  found  to  be  combuftible  like  oil  in  a  red  hot  crucible,  t 
without  leaving  any  mark  of  afhes  behind.    It  was  i 
foluble  in  fixty  times  its  weight  of  boiling  water; 
and  one  fourth  part  feparated  by  cooling,  in  the  form  j 
of  very  fmall  cryftals.    The  remaining  mafs  being 
then  collected,  by  evaporating  the  greateft  part  of  the  I 
water,  left  behind  a  fmall  portion  of  the  acid  of  j 
fugar,  of  which  it  had  not  been  fo  exactly  deprived 
by  edulcoration  on  the  filter.    From  thefe  circum- 
ftances  it  appeared  that  the  white  matter  was  a  fait  j 
and,  upon  examination,  it  was  found  to  be  an  acid, 
poflemng  the  following  properties  : 

Combinations.  With  all  the  foluble  earths  it  forms  falts  infoluble  j 
in  water.  It  difengages  fixed  air  from  the  mild  t 
alkalis.  With  vegetable  alkali  it  forms  a  cryftalliza-  j 
ble  fait,  foluble  in  eight  times  its  quantity  of  boiling 
water,  and  feparable  for  the  molt  part  by  cooling* 
With  the  mineral  alkali  it  forms  a  fait  which  requires  I 
only  five  parts  of  boiling  water  for  its  folution.  Both  j 
thefe  falts  are  perfectly  neutral.  When  faturated  j 
with  volatile  alkali,  it  forms  a  fait  which,  after  being  | 
gently  dried,  has  a  fouriih  tafte.  It  does  not  percep- 
tibly aft  on  the  metals  ;  but  forms  with  their  calces, 
in  folution,  falts  of  very  difficult  folubility,  which 
are  therefore  precipitated  *. 

The  principles  of  milk  appear  to  be  united  toge- 
ther partly  in  a  chemical,  and  partly  in  a  mechanical 

*  On  milk  and  its  acid,  and  on  the  acid  of  the  fugar  of  milk, 

confult  the  Chemical  Effays  of  Scheelc. 

manner ; 
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aimer}  and  the  butter  feems  to  rife  to  the  top  in  milk. 
nfequence  of  the  greater  fpecific  gravity  of  the  V  v 
iiey  through  which  it  is  difperfecL    Cream  confifts 

butter  mixed  with  much  whey  and  curd^    It  is  Separation  of 
nerally  thought  that  the  feparation  of  the  butter  by  cream: 
urning  is  effected  fimply  by  the  agitation,  which 
ufes  the  fatty  particles  to  ftrike  againft  each  other, 
id  coagulate  into  larger  malTes.    There  feems  how* 
eer  fome  reafon  to  think  that  a  chemical  effect:  takes 
uce  in  this  operation  •,  in  which  the  intimate  mix- 
rre  of  atmofpheric  air  with  the  fluid  may  perhaps 
ve  fome  effecl:. 

IButter  appears  to  be  of  the  nature  of  fat  oils  ;  but  —its  properties, 
iconfidered  by  molt  nations  as  infinitely  preferable 
them,  as  ah  article  of  food.    By  diflillation  on  a 
ter-bath  it  gives  out  the  aqueous  fluid  which,  from 
j  manner  of  its  fabrication,  is  diftributed  through 
mafs.     Its  products,  by  deftructive  diflillation, 
irly  refemble  thofe  of  other'oils.    They  confift  of 
acid  of  a  ftrong  and  penetrating  fmell,  a  fluid  oil, 
i  a  concrete  oil  of  the  fame  fmell  as  the  acid, 
efe  oils,  like  others  obtained  in  fimilar  circum- 
accs,  may,  by  repeated  rectifications,  be  converted 
volatile  oils,  of  the  nature  of  thofe  which  are 
ed  efTential.    In  other  refpects,  butter  pofTefTes  the 
e  properties,  and  may  be  applied  to  the  fame  ufes 
fat  oils.    It  becomes  rancid  by  fpontaneous  decom- 
tion,  which  developea  its  acid ;  and  with  fixed 
lis  it  forms  foap. 


The  «ggs  of  birds  confiderably  refemble  milk  in  Eggs. 
iir  component  parts,  though  their  peculiar  ftru£ture 
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milk.      and  organization  conftitute  a  great  and  eflential  dif- 
v         ference,  applicable  to  the  purpofes  of  generation, 
into  which  our  prefent  views  do  not  require  us  to  pro- 
Kefembiancc     ceed.    The  white  of  egg  does  not  greatly  differ  from 

between  white  .  bb  T.        .  . 

of  eg?  and  curd  the  curd  of  milk  or  cheefe.  "When  it  is  mixed  with 
water,  it  forms  a  coagulum  or  curd  by  the  addition 
of  acids.  Heat  coagulates  the  white  of  egg,  without 
depriving  it  of  weight ;  which  is  a  very  fingular  fact, 
and  has  not  yet  been  well  explained.  The  white  o 
egg  however  appears  to  differ,  in  fome  refpedts,  from 
curd.  It  is  faid  to  afford  a  fmall  portion  of  fulphu-r 
by  fublimation  ;  and  it  contains  the  mineral  alkali  in 
a  difengaged  ftate. 

Yolk  of  egg.  The  yolk  of  egg  appears  to  be  an  animal  emulfion, 
which  is  diffufible  in  water.  It  contains  an  oil,  which 
may  be  feparated  by  drying,  and  afterwards  fubjecting 
it  to  preflure. 

Honey  and  wax.  Honey  and  wax  may  be  confidered  as  animal  fub- 
ftances,  becaufe  afforded  by  the  bee ;  though  it  is  not 
improbable  but  thefe  laborious  infects  may  extract 
them  from  the  vefTels  of  plants,  and  depofit  them  in 
their  hives  without  alteration. 

Purification  of  Honey  which  is  purified  by  folution  and  cryftal- 
lization,  perfectly  refembles  the  faccharine  juices  of 
vegetables  which  have  undergone  the  like  treatment, 
It  affords  the  fame  product:  as  fugar  by  deftructive  dif- 
tillation.  Nitrous  acid  converts  it  into  the  faccharine 
acid,  and  its  aqueous  folution  is  fufceptible  of  all  the 
Page  465,  ftages  of  fermentation.  It  is  accordingly,  as  we  have 
before  obferved,  made  ufe  of  in  the  preparation  of  a 
vinous  liquor. 
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Wax  is  a  concrete  fubftance,  which  greatly  rcfem-  wax. 
bles  the  more  folid  fixed  oils,  and  unites  with  oily  fub-  Diftilia^7^ 
(lances  in  all  proportions.  Its  products,  by  deftruftive  wax- 
idiftillation,  are  the  fame  as  thofe  of  other  fat  fubffcances. 
IThe  concrefcible  oil  obtained  by  diftillation  of  this 
fubftance,  is  called  butter  of  wax.    Bees-wax  is  of  a  Butter  of  war, 
yellow  colour,  but  becomes  white  by  expofure  to  air: 
this  effect  takes  place  only  at  or  near  the  furface  or 
place  of  contact ;  for  which  reafon  the  bleachers  of 
pax  find  it  neceflary  to  renew  the  furface  frequently. 
This  is  done  either  by  caufing  the  melted  wax  to  pafs  Bleaching, 
through  a  number  of  holes  in  the  bottom  of  a  veflel 
into  another  veflel  of  water,  by  which  means  it  under- 
goes that  kind  of  divifion  which,  in  metallic  bodies, 
is  called  granulation ;  or  it  is  gently  poured  upon  a 
wooden  cylinder,  which  is  turned  round  in  a  veflel 
Slled  with  water  to  fuch  a  height,  that  half  of  the  cy- 
linder is  immerfed.    In  this  way,  the  wax  forms  a 
number  of  thin  flakes,  that  do  not  adhere  to  each 
Dther,  but  may  be  taken  off",  and  expofed  to  the  action 
:oi  the  air.    The  dephlogifticated  or  aerated  marine 
ncid  bleaches  wax  very  fpeedily ;  from  which  fact  it 
appears  that  the  wax  owes  its  whitenefs,  and  the 
sweater  confiftency  it  acquires,  to  an  abforption  of  the 
i  t'ital  part  of  the  atmofphere.    Wax  feems  to  differ  Difference  be- 
[from  tallow,  or  concrete  oil,  principally  in  this  cir-  tai"^wax  *nd 
c:umftance :  and  this  laft  fubftance  becomes  likewife 
hoarder  and  whiter  by  long  expofure  to  the  air,  in  thin 
nmafles ;  as,  for  example,  when  it  is  fpread  out  upon 
ttne  furface  of  water.    Wax  being  already  combined 
wHth  a  portion  of  vital  air,  does  not  burn  with  fo  lu- 
minous a  flame  as  tallow  or  oil.    But  it  poflefles  a  very 
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wax-      great  advantage  in  the  fabrication  of  candles,  which 
'  v         arifes  from  the  circumftance  of  its  freezing  point  be- 
ing placed  at  a  confiderably  higher  temperature  than 
thofe  of  either  of  the  other  two  fubftances. 
An  explanation      t;0  explain  this  advantage,  it  rauft  be  confidered, 

oi  the  chief  ad-  ^     1  b  7  ' 

vantage  of  wax  that  oils  do  not  take  fire,  unlefs  they  be  previoufly  VO- 
caHdIes  compar-  .     ...         .      .  rrl1         .  i 

ed  with  thofe  of  latmzed  by  heat.  1  he  wick  of  a  candle,  or  lamp,  an- 
tailow.  fwers  this  purpofe.    The  oil  rifes  between  the  fibres  of 

the  wick  by  the  capillary  attraction.  Heat  is  applied 
fo  the  extremity  of  the  wick,  which  volatilizes  and  fet» 
fire  to  a  portion  of  the  oil.  While  this  is  diflipated  by  ' 
combuftion,  another  portion  panes  along  the  fibres, 
and  fupplies  its  place  by  becoming  heated  and  burned 
like  wife.  In  this  way  a  conftant  combuftion  is  main- 
tained. It  muft  be  remarked,  however,  that  a  candle 
differs  from  a  lamp  in  one  very  effential  circumftance, 
namely,  that  the  oil,  or  tallow,  is  liquefied  only  as  it 
comes  to  be  in  the  vicinity  of  the  conflagration  ;  and 
this  fluid  is  retained  in  the  hollow  of  the  part  which  is 
ftill  concrete,  and  forms  a  kind  of  cup.  For  this  rea- 
fon,  it  is  found  necelfary  that  the  wick  fhould  not  be 
too  thin  •,  becaufe,  in  this  cafe,  it  would  not  carry  off 
the  fluid  as  faft  as  it  becomes  fufed  ;  and  the  confe-< 
quence  would  be,  that  it  would  run  down  the  fides 
of  the  candle :  and,  as  the  inconvenience  arifes  from 
the  fufibility  of  the  oil,  it  is  plain  that  a  more  fufible 
candle  will  require  a  larger  wick ;  or  that  the  wick  of 
a  wax  candle  may  be  made  thinner  than  that  of  one 
of  tallow. 

The  difference  of  effect,  In  illumination,  between  i 
thick  and  a  thin  wick,  cannot  be  better  (hewn  than  by 
remarking  the  appearances  produced  by  both.  When 

5  a  candle 
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.a  candle  with  a  thick  wick  is  firfl  lighted,  and  the  wax. 
\  wick  {huffed  fhort,  the  flame  is  perfect  and  luminous,  The  uk  ana  ef- 

.uuJefs  its  diameter  be  very  great;  in  which  laft  cafe,  fefts  of  the  wick 

.  in  candle!), 

there  is  an  opake  part  in  the  middle,  where  the  com- 

|tbuftion  is  impeded  for  want  of  air.    As  the  wick  be- 
comes longer,  the  fpace  between  its  upper  extremity 
jaand  the  apex  of  the  flame  is  diminifhed ;  and  confe- 
.quently  the  oil  which  iflues  from  that  extremity, 
"having  a  lefs  fpace  of  ignition  to  pafs  through,  is  lefs 
completely  burned,  and  paffes  off*  partly  in  fmoke. 
This  evil  continues  to  increafe,  until  at  length  the  up- 
per extremity  of  the  wick  projects  beyond  the  flame, 
sand  forms  a  fupport  for  an  accumulation  of  foot,  which 
i  is  afforded  by  the  imperfect  combuftion.   A  candle,  in 
:this  fituation,  affords  fcarcely  one  tenth  of  the  light 
I  ich  the  due  combuftion  of  its  materials  would  pro- 
Icduce  •,  and  tallow-candles,  on  this  account,  require 
1  continual  muffing. — But,  on  the  contrary,   vf  we 
cconfider  the  wax  candle,  we  find  that,  as  its  wick 
^lengthens,  the  light  indeed  becomes  lefs,  and  the  cup 
[rbecomes  filled  with  melted  wax.    The  wick  however, 
being  thin  and  flexible,  does  not  long  occupy  its  place 
in  the  center  of  the  flame;  neither  does  it,  when  there, 
Itenlarge  the  diameter  of  the  flame  fo  as  to  pyevent  the 
accefs  of  air  to  its  internal  part.    "When  its  length  is 
jttoo  great  for  the  vertical  pofition,  it  bends  on  one  fide; 
land  its  extremity,  coming  into  contact  with  the  air, 
iis  burned  to  allies  j  excepting  fuch  a  portion  as  is  de- 
fouled  by  the  continual  afflux  of  melted  wax,  which  is 
\  volatilized,  and  completely  burned,  by  the  furrounding 
fiflame.    "We  fee  therefore  that  the  difficult  fufibility  of  r 
wax  renders  it  practicable  to  burn  a  large  quantity  of 
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wax.  lacca.  fluid  by  means  of  a  fmall  wick  j  and  that  this  fmall 
V*~    v         wick,  by  turning  on  one  fide  in  confequence  of  its 
flexibility,  performs  the  operation  of  fnufhng  upon 
itfelf,  in  a  much  more  accurate  manner  than  it  can 
ever  be  performed  mechanically. 
Wax  is  not  foluble  in  ardent  fpirit. 

Stick-lac,  (hell-  Lac,  or  lacca,  is  a  fubftance  well  known  in  Europe, 
lac';  under  the  different  appellations  of  ftick-lac,  fhell-lac, 

and  feed-lac.  The  firft  is  the  lac  itfelf,  which  is  a 
brown  femi-tranfparent  fubftance,  in  pretty  confid ar- 
able lumps,  with  woody  parts  adhering  to  it.  Seed- 
lac  is  the  ftick-lac  broken  in  pieces,  and  appearing 
in  a  granulated  form.  Shell-lac  is  the  fubftance 
which  has  undergone  a  Ample  purification. 
— its  production.  Lac  is  the  product  of  an  infect  *,  whish  depofits  its 
eggs  on  the  branches  of  a  tree  called  Bihar,  in  Aflam, 
a  country  bordering  on  Thibet,  and  elfewhere  in  India. 
It  appears  defigned  to  anfwer  the  purpofe  of  defending 
the  eggs  from  injury,  and  affording  food  for  the  maggot 
in  a  more  advanced  ftate.  It  is  formed  into  cells, 
fmifhed  with  as  much  art  and  regularity  as  an  honey- 
comb, but  difFerently  arranged ;  and  the  inhabitants 
collect  it  twice  a  year,  in  the  months  of  February  and 
Auguft.  For  the  purification,  it  is  broken  into  fmall 
pieces,  and  put  into  a  canvas  bag  of  about  four  feet 
long,  and  not  above  fix  inches  in  circumference.  Two 
.  of  thefe  bags  are  in  conftant  ufe,  and  each  of  them 
held  by  two  men.  The  bag  is  placed  over  a  fire,  and 
frequently  turned,  till  the  lac  is  liquid  enough  to  pafs 

*  For  a  defcripiion,  confult  Kerr,  in  the  Pliil.  Tranl".  vol.  lxxi. 
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through  its  pores ;  when  it  is  taken  ofF  the  fire,  and  lacca. 
tu  ilted  in  different  directions  by  the  men  who  hold  it,  puHfico^~^ 
at  the  fame  time  dragging  it  along  the  convex  part  of 
a  plantain  tree  prepared  for  that  purpofe  ;  and,  while 
this  is  doing,  the  other  bag  is  heating,  to  be  treated  in 
the  fame  W" ay.  The  mucilaginous  and  fmooth  furface 
of  the  plantain  tree  prevents  its  adhering  ;  and  the  de- 
gree of  preffure  regulates  the  thicknefs  of  the  coating 
of  lac,  at  the  fame  time  that  the  finenefs  of  the  bag 
determines  its  clearnefs  and  tranfparency  % 

Lac  is  not  entitled  to  arrangement  either  with  oils,  Chara&ers. 
refins,  or  gums.  It  is  not  foluble  either  in  water, 
or  in  fat  oils.  Some  eflential  oils  appear  to  extract  a 
dilute  tincture.  The  aftion  of  the  acids  upon  lac, 
either  when  concentrated  or  diluted,  does  not  feem  to 
be  confiderablc  j  but  this  requires  more  particular  exa- 
mination, efpecially  as  far  as  relates  to  the  nitrous 
acid.  Ardent  fpirk  acts  but  feebly  on  this  fubftance. 
By  Handing  upon  it  in  the  cold,  it  forms  a  clear  tinc- 
ture, apparently  by  diflblving  only  a  part  of  its  prin- 
ciples ;  but,  when  digefted  in  a  moderate  heat,  the 
whole  of  the  lac  unites  with  the  fpirit,  and  forms  a 
turbid  mixture,  or  imperfect  folution,  of  a  gummy 
appearance,  which  does  not  afterwards  become  clear.  Hard  varnifh. 
In  this  way,  however,  with  judicious  management,  it 
appears  practicable  to  form  a  very  hard  opake  varnifh, 
refcmbling  that  of  China  or  Japan.  The  principal  ufe 
of  lac  is  in  the  manufacturing  of  fealing-wax,  and  in 
dying  fcarlet.  For  this  laft  purpofe,  half  a  dram  of 
powdered  comfrey  root  is  to  be  boiled  in  a  quart  of 


Saunders,  in  Phil.  Tranf.  vol.  lxxix. 
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lacca.  silk,  water  for  a  quarter  of  an  hour,  and  fome  powdered 
Ufcioflac.    Sum  lac  digefted  in  the  decoction  for  two  hours. 

The  tincture  appears  of  a  fine  crimfon  colour ;  and 
the  remaining  lac,  if  the  quantity  of  liquor  has  been 
fufEcient,  is  of  a  pale  ftraw  colour.  The  clear  tinc- 
ture being  then  poured  off,  and  a  folution  of  alum 
gradually  added,  the  colouring  matter  fubfides,  in  the 
form  of  one  of  the  powders  called  lakes,  which  amounts 
to  about  one  fifth  part  of  the  weight  of  the  lac.  This 
fecula  is  diffolved  in  warm  water,  with  the  addition  of 
a  proper  quantity  of  the  folution  of  tin  in  aqua  regia : 
and  the  liquor,  which  is  of  a  fiery  red  colour,  is  then 
to  be  poured  into  boiling  water,  impregnated  with  fait 

Lewis  on  Neu-  of  tartar,  or  the  mild  fixed  vegetable  alkalj.  The  bath, 
thus  formed,  is  a  good  fcarlet  dye  for  woollens,  though 
lefs  lively  than  that  of  cochineal. 

Silk,  and  the       Silk  is  a  well-known  fubftance,  which  ferves  as  a 
worms.  *  ~    nidus  for  the  chryfalis  of  the  filk-worm.    Its  extenfive 
utility,  when  contrafted  with  the  fmall  profpedt.  of 
,  advantage  which  its  appearance  in  the  crude  ftate 
feems  to  afford,  may  ferve  to  ftimulate  our  induftry  in 
\  .  the  examination  of  other  natural  produces ;  many  of 

which,  though  neglected  at  prefent,  might,  on  en- 
quiry, be  found  equally  beneficial  to  fociety.  This 
fubftance  feems  to  hold  a  middle  rank  between  animal 
and  vegetable  matters.  It  affords  volatile  alkali  by 
diftillation,  and  gives  out  phlogifticated  air  when 
treated  with  nitrous  acid.  By  diftilling  the  nitrous 
acid  from  this  fubftance,  the  acid  of  fugar  is  obtained, 
and  likewife  a  peculiar  oil.  The  phalaena,  or  moth 
of  the  filk-worm,  ejects  a  liquor  which  appears  to 

contain 


HAIR.     WOOL.     FEATHERS.  50$ 

ontain  a  peculiar  acid,  hitherto  little  examined.    It  silk.  wool. 

obtained  in  a  Hate  of  purity  by  infilling  the  chryfa-  *  v  "* 

icdes  in  ardent  fpirits,  and  fubfequent  evaporation. 


cenccs. 


The  hair  and  wool  of  animals  do  not  feem  to  differ  Animal  excrcf- 
(rreatly  from  filk.    They  afford  much  acid  of  fugar, 
hen  treated  with  nitrous  acid.    It  is  probable  that 
orns,  feathers,  and  other  fimilar  excrefcences  of  ani- 
uals,  are  nearly  of  the  fame  nature. 


CHAP. 


STONE  OF  THE  BLADDER. 


C  PI  A  P.  III. 


CONCERNING  THE 


EXCREMENTITIOUS 
ANIMALS. 


PARTS  OF 


eicremen-  np HE  fubftances  which  are  rejected  out  of  the 

TITIOUS 
MATTERS. 


Urine  and  fecal 
matter. 


Page  zo8. 


Stone  of  the 
bladder. 


rife  bodies  of  animals,  as  ufetefs,  are  urine,  and  the 
fecal  matter,  or  excrement.  Thefe  differ  in  the  vari- 
ous fpecies  of  animals,  according  to  their  refpedtive 
natures  and  food.  But  little  attention  has  been  paid 
by  chemifts  to  the  urine  or  excrements  of  any  animals 
except  the  human  fpecies.  We  have  already  had 
occafion  to  mention  the  contents  of  urine,  in  treating 
of  the  phofphoric  acid,  in  our  account  of  the  mineral 
kingdom  ;  and  mail  therefore,  in  the  prefent  place, 
confine  our  remarks  to  that  peculiar  depofition  which 
is  known  by  the  name  of  the  urinary  calculus,  or 
{tone  of  the  bladder. 

The  matter  which  forms  thefe  hard  concretions  is 
found  in  all  urine ;  and  is  depofited  by  cooling,  after 
the  greateft  part  is  evaporated.  Heat  again  difTolveS 
it.  In  about  three  hundred  times  its  weight  of  boiling 
water  it  is  either  totally  foluble,  or  it  leaves  a  very 
inconfiderable  refidue,  which  fcems  to  be  an  impurity 
As  the  fluid  becomes  cold,  mod  of  the  calculus  is 
again  fcparated  in  fine  cryftals.  The  vitriolic  acid  dif- 
folves  it  with  effervefcence  •,  the  marine  acid  does  not 
appear  to  a<ft  upon  it  and  the  nitrous  acid  totally  dif- 
folvcs  it.  This  folution  affords  no  precipitate  by  the 
acid  of  fugar,  though  the  vitriolic  acid  throws  down  a 
ffmall  portion  of  felenite :  whence  it  appears  that  the 

calculus 


FECAL  MATTER.  507 

Iculus  contains  fome  lime.    Pure  alkalis  diflblve  it,  excremen- 
tloes  likewife  lime-water.    By  deftruaive  diftilla-  T1T,ous 

■*  ,  MATTERS. 

)n,  the  calculus  affords  fluid  volatile  alkali,  and  a  fub-  i       ^  j 
riate  of  a  brown  colour,  which  by  a  fecond  fublima- 
on  becomes  white.    This  has  a  fourifh  tafte,  is  eafily  Acid  of  the  ftone 
luble  in  boiling  water,  and  alfo  in  ardent  fpirit.        °f  the  bladder* 
From  the  above,  and  other  experiments,  it  appears 
at  the  calculus  confifts  of  an  acid  of  a  volatile  na- 
re,  together  with  fome  gelatinous  or  oily  matter,  and 
Tmall  portion  of  lime.    The  acid  itfelf  may  probably 
5  a  compound  fait  with  excefs  of  acid,  fimilar  to  the 
ombinations  of  mineral  alkali  and  phofphoric  acid,    Page  209. 
^getable  alkali  and  tartareous  acid,  and  fome  others 
hich  were  confidered  as  fimple  acids,  until  chemifts 
id  devifed  means  of  feparating  their  component  parts. 
7e  fee  therefore  that  the  analyfis  of  the  ftone  of  the 
adder  has  not  yet  been  perfectly  made. 

However  important  the  knowledge  of  the  compo-  Homberg's  c*. 
mt  parts  of  fecal  matter  may  be,  to  facilitate  our  human^xcre- 
:quaintance  with  the  animal  fyftem,  it  may  eafily  be  mentr 
aagined  that  the  purfuits  of  the  majority  of  chemifts 
-ould  be  directed  to  departments  of  the  fcience, 
hich  promifed  effects  of  a  lefs  difgufting  nature. 
Ve  poffefs  but  one  fet  of  experiments  made  on  this 
lbftance,  by  Homberg,  at  the  beginning  of  the  pre- 
:nt  century.    This  philofopher,  in  confequence  of 
'Ichemiftical  information,  inftituted  a  fet  of  operations 
pon  the  fecal  matter  of  men  fed  entirely  upon  bread 
f  GonefTe*,  and  Champagne  wine.    He  found  that, 

*  A  fmall  town  near  Paris,  where  the  moft  excellent  bread  is 
lade. 

when 
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excremen-  when  recent,  it  afforded,  by  diftillation  to  drynefs,  an 
matters.    aclueous>  clear>  infipid  liquor,  of  a  difagreeable  odour, 
*  v  »  which  contained  no  volatile  alkali  j  but,  by  continuing 

perhiLnTs  onThe  to  t^ie  re^^ue  by  a  graduated  fire,  he  obtained 

human  fecal  fl^d  an(j  concrete  volatile  alkali,  a  fetid  oil,  and  a 
metier.  1  ' 

coaly  refidue  •,  fubftances  which  this  imperfect,  me- 
thod of  analyfis  exhibits  with  every  kind  of  animal 
fubftance. 

The  human  fecal  matter,  by  lixiviation  in  water,- 
filtration,  and  fubfequent  evaporation,  afforded  an  oily 
fait  refembling  nitre,  which  was  fufed  on  ignited  coals, 
and  took  fire  when  heated  to  a  certain  degree  in  clofed 
veffels.  The  fame  fecal  matter,  after  it  had  undergone 
a  complete  putrefaction  for  forty  days,  in  the  gentle 
heat  of  a  water-bath,  afterwards  afforded  by  diftilla- 
tion a  colourlefs  oil  without  fmell,  which  was  the 
thing  fought  after  •,  but  it  did  not  fix  mercury,  as  he 
had  been  led  to  expect. 

Imperfedt  as  this  examination  is,  it  is  rendered  flill 
lefs  generally  applicable  by  the  peculiar  nature  of  the 
aliments  from  which  the  matter  originated.  For  it 
cannot  be  doubted  but  that,  as  the  excrements  are  the 
refidue  of  the  food  taken,  they  will  differ  according 
to  the  nature  of  that  food;  as  is  indeed  fufficiently 
evinced  from  their  more  obvious  qualities. 

Ambergris.       It  is  at  prefent  a  general  opinion  *,  that  ambergris 
is  an  excrementitious  fubftance,  voided  by  the  phy- 

*  Chiefly  grounded  on  the  enquiries  and  obfervations  of  Dr. 
Svvediar,  in  the  Phil.  Tranf.  for  1783.  Mr.  Magellan  however 
mentions  an  undoubtedly  vegetable  ambergris,  gathered  from  the 
tree  by  M.  Aublet,  and  examined  by  Rouelle.  Cronfledt's  Mii 
ncralogy,  p.  458.  •  ^ 
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ter  macrocephalus,  or  fpermaceti  whale.   Ambergris  excremen- 


TITIOUS 

bmntries ;  and  is  either  white,  black,  afh-coloured,  ^ 


found  in  the  fea,  near  the  coafts  of  various  tropical 

MATTERS. 


tfcllow,  or  grey,  with  black  or  yellow  fpecks.  A  flight  J^J™^"  ot 
laarmth  foftens  it,  like  pitch ;  by  a  greater  heat  it 
^Ikes  fire ;  and  its  chemical  products  refemble  thofe 
iF  bitumens,  among  which  it  has  ufually  been  ranked, 
ii'ils  diflblve  it ;  as  does  likewife  ardent  fpirit,  if  its 
iiuantity  be  twelve  times  that  of  the  ambergris,  and 
ss  temperature  boiling.  An  addition  of  eflential  oil 
promotes  the  folution. 

Various  other  matters  are  rejected  from  animals ;  Matter  of  per- 
Inch  as  the  matter  of  perfpiration,  the  nafal  mucus, fpiratlon'  ku 
£;ars,  &c.    But  as  none  of  thefe  have  been  examined, 
mall  avoid  entering  into  any  detail  of  their  obvious 
liroperties. 


CHAP. 


5*0  THE  BLOOtf. 


CHAP.  IV. 

CONCERNING    THE   BLOOD,    AND   THE   OTHER  FLUID 
OR  SOLID  MATTERS,  OF  WHICH  ANIMALS 
ARE  FORMED. 

»arts  of  npHE  fluid  which  firft  prefents  itfelf  to  obfervation 
animals.     j_    wjien       parts  of  living  animals  are  divided  or 

V       111      |      ^.B!    |       .  ✓ 

deftroyed,  is  the  blood,  which  circulates  with  conG- 
derable  velocity  through  veffels  called  veins  and  ar- 

The blood:  teries,  diftributed  into  every  part  of  the  fyftera.  It 
can  fcarcely  admit  of  doubt  but  that  the  component 
parts,  or  immediate  principles  of  the  blood,  muft  dif- 
fer in  the  various  and  exceedingly  diflimilar  genera 
and  fpecies  of  animals  which  occupy  the  land  and 
waters  of  the  globe  j  and  that  there  are  likewife  dif- 
ferences in  the  ftate  or  compofition  of  this  fluid  in  the 
fame  animal,  according  to  its  ftate  of  health,  as  well 
as  the  fituation  of  the  veffels  from  which  it  may  be 

—  differences,  extracted.  Thefe  differences  can  be  afcertained  only 
by  the  united  efforts  of  the  anatomift  and  the  chemift. 
But  as  the  difficulty  and  extent  of  the  fubjecl:  have 
hitherto  prevented  any  confiderable  progrefs,  it  be- 
comes an  obje£f,  of  ncceflity  to  confine  our  attention 
to  the  blood  of  man,  or  of  fuch  quadrupeds  as  afford 
this  fluid  in  a  ftate  not  obvioufly  different  from  that 
of  the  human  fpecies. 

Recent  blood  is  uniformly  fluid,  and  of  a  faline  or 
flightly  ferruginous  tafte.    Under  the  microfcope  it 

appear* 
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?ears  to  be  compofed  of  a  prodigious  number  of  red   parts  op 
:>bules  fwimming  in  a  tranfparent  fluid.  After  ftand-  AN,MALS- 
;  for  a  fliort  time,  its  parts  feparate  into  a  thick  red  Charafters  of 
atter,  or  craflamentum,  and  a  fluid  called  ferum.    If thc  blood' 
oe  agitated  till  cold,  it  continues  fluid  j  but  a  con- 
sent polypous  matter  adheres  to  the  flirrer,  which 
repeated  ablutions  with  water  becomes  white,  and 
s  a  fibrous  appearance :  the  craflamentum  becomes 
lite  and  fibrous  by  the  fame  treatment.    If  blood  be 
•reived  from  the  vein  in  warm  water,  a  fimilar  fila- 
sntous  matter  fubfides,  while  the  other  parts  are 
iTolved.    Alkalis  prevent  the  blood  from  coagulat- 
:g ;  acids,  on  the  contrary,  accelerate  that  effe£t.  Habitudes  wiik 
the  latter  cafe  the  fluid  is  found  to  contain  neutral 
its,  confiding  of  the  acid  itfelf  united  with  mineral 
;cali,  which  confequently  mult  exift  in  the  blood, 
;obably  in  a  difengaged  ftate.    Ardent  fpirit  coagu- 
:es  blood.    On  the  water-bath,  blood  affords  an 
ueous  fluid,  neither  acid  nor  alkaline  ;  but  of  a  faint  Diftillation* 
nell,  and  eafily  becoming  putrid.    A  ftronger  heat 
■  adually  dries  it,  and  at  the  fame  time  reduces  it  to  a 
:afs  of  about  one  eighth  of  its  original  weight.  In 
iis  ftate  it  (lightly  attracts  the  humidity  of  the  air, 
ltd  effervefces  with  acids;  but  by  a  longer  expofure, 
r  fome  months,  it  becomes  covered  with  an  effloref- 
•nce  of  mild  mineral  alkali.  By  deftru£Hve  diftillation 
\is  animal  fluid  affords  a  watery  liquor,  holding  in 
!lution  a  neutral  fait,  with  excefs  of  volatile  alkali, 
at  whofe  acid  part  has  not  been  well  afcertained : 
::xt  follows  a  light  oil,  a  denfe  coloured  oil,  and  foul 
ff  oleaginous  volatile  alkali.    The  refidue  is  a  coal  of 
:ery  difficult  incineration,  containing  common  fait, 

mineral 
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PARTS  OF 
ANIMALS. 


Scrum  of  blood 


—  refembles 
white  of  egg, 
curd,  and  vege^ 
table  gluten : 


—  with  alkalis 
and  acids : 


—  with  ardent 
foirit : 

—  nitrous  acid. 


Craffamentum. 


mineral  alkali,  and  an  earth,  which  is  probably  a  com* 
bination  of  lime  and  phofphoric  acid. 

The  ferum  of  blood  exhibits  marks  of  a  diiengagcd 
alkaline  fait,  and  is  greatly  difpofed  to  putrefy.  It 
unites  with  water  in  all  proportions,  and  forms  a 
milky  fluid,  which  may  be  coagulated  by  acids  or 
ardent  fpirit.  An  increafe  of  temperature  caiifed 
ferum  to  become  confident,  with  little  or  no  lofs  of* 
weight,  in  the  fame  manner  as  the  white  of  egg ;  and 
it  is  accordingly  ufed  for  the  fame  purpofe  in  clarify- 
ing liquids.  From  a  variety  of  experiments,  it  appears 
highly  probable  that  white  of  egg,  ferum  of  blood,  and 
the  pure  curd  of  milk,  do  not  effentially  differ  from 
each  other  :  and  to  thefe  we  may  perhaps  add  the  ve- 
getable gluten,  which  confiderably  refembles  cheefe. 

Alkalis  render  the  ferum  of  blood  more  fluid  ;  acids 
coagulate  it,  and  exhibit  the  neutral  fait  they  would 
have  produced  by  direct  combination  with  mineral 
alkali.  The  coagulum  affords,  by  diftillation,  phlegm, 
mild  volatile  alkali,  and  a  thick  fetid  oil ;  and  the 
refidue  affords  mild  mineral  alkali.  Thefe  product 
'are  the  fame  as  are  afforded  by  the  ferum  itfelf. 

Serum  is  alfo  coagulated  by  ardent  fpirit,  merely  by 
the  lofs  of  part  of  its  water.  When  rendered  concrete 
by  heat,  and  expofed  to  the  action  of  nitrous  acid,  it 
affords  phlogifticated  air  by  a  flight  heat,  which  is  fol« 
lowed  by  nitrous  aif ;  and  the  refidue  affords  acid  of 
fugar,  together  with  a  fmall  portion  of  acid  of  apples. 

The  craffamentum  of  blood,  when  treated  in  the  way 
of  diftillation,  becomes  dry  and  brittle,  at  the  fame 
time  that  it  emits  an  alkaline  phlegm  ;  this  is  followed 
by  an  empyreumatic  ftinking  oil,  and  concrete  volatile 

alkali* 
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.  ili.    A  fpungy  brilliant  coal  remains,  which  by   parts  of 
hitment  with  vitriolic  acid  is  found  to  contain  mi-  t  AN1"ALS^ 

a)  alkali  and  iron,  as  appears  by  the  production  of 
Luber's  fait  and  martial  vitriol :  coaly  matter  and 
bfphorated  lime  are  then  left  behind. 

The  fibrous  matter,  which  is  obtained  by  warning  Fibrous  part  »f 
I  red  part  of  the  blood,  refembles  the  ferum  in  many  bl°°d ' 
.  ts  properties  ;  though  it  differs  from  it  in  not  being 

lble  in  water,  in  becoming  hard  by  a  very  gentle 
.  t,  and  in  not  combining  with  alkalis.    Acids  unite  —  with  acids, 

h  it,  and  in  particular  the  nitrous  acid  diflblves  it, 
.1  extricates  phlogifticated  and  nitrous  air;  while 
:  refiduC,  by  evaporation,  affords  acid  of  fiigar  in 
:  Hals,  a  peculiar  oil  iri  flocks,  and  the  phofphoric  fait 

lime.    Its  volatile  produces  by  dellructive  diftilla-  Deftrudttve  dif- 

are  nearly  the  fame  as  thofe  of  ferum :  but  its  1  *  l°n* 
1. due  contains  no  fait,  except  the  combination  of 
i*e  and  phofphoric  acid     the  other  falts  it  might 

re  contained  having  probably  been  carried  off  dur- 
the  wafhingi    Marine  acid  forms  a  green  jelly 
::h  the  fibrous  parts  of  the  blood* 

The  foft  and  flexible  parts  of  animals  appear  to  be  Soft  parts  of  ani- 
npofed  of  principles  greatly  refembling  thofe  of  themals* 
•od.    "When  they  are  boiled  in  water,  the  fluid  ex- 
£ts  that  peculiar  animal  fubftaiice  which  is  known 
the  name  of  jelly  or  glue-    This  is  afforded  by  the  Jelly  or  glue, 
lite  parts  moft  plentifully,  though  it  is  found  in  » 
inoft  every  part  of  the  animal  folids.    Its  appear- 
:e  and  infipidity,  together  with  its  other  obvious 
jperties,  are  well  known.    It  is  foluble  in  water,  in 
proportions;  is1  more  fluid  when  hot  than  when 

L  1  cold. 
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parts  of    cold.  ,  Alkalis  and  acids  both  diflblve  it.    By  fnonta. 

ANIMALS.  ,  .    .    .    '     I~  ,  ;  r 

k  v  ,  neous  decompofition  it  firft  becomes  acid,  and  fooa 

Jelly  or  glue,  afterwards  putrefies.  By  deftrudh-e  diftillation  it 
affords  an  alkaline:  phlegm,  an  empyreumatic  oil,  and 
a  fmall  quantity  of  volatile  alkali.  The  refidual  coal 
is  voluminous,  not  e'afily  incinerated,  and  contains 
common  fait,  with  the  phofphoric  fait  of  lime.  The 
habitude  of  the  nitrous  acid  with  glue,  or  jelly,  is  die 
fame  as  with  other  animal  fubftances  j  phlogilticated 
air  and  nitrous  air  are  difengaged,  and  the  refidue 
affords  acid  of  fugar. 
Analyfisofthe      Befides  the  parenchymatous  and  cellular  fubftance 

fltfh  of  animals.  , 

of  which  the  mufcles  of  animals  are  formed,  their 
veffels  contain  fluids  poffeffed  of  various  properties. 
Thefe  may  be  obtained  by  preffure,  and  the  judicious 
application  of  water  and  ardent  fpirit,  either  with  or 
Without  heat.    If  flefh  be  wafhed  in  cold  water,  4 
portion  of  blood  and  gelatinous  matter,  together  with 
falme  matter,  are  extracted  :  the  refidue  being  digeiled 
in  ardent  fpirit,  is  by  that  means  deprived  of  ato 
extractive  or  faponacecus  fubftance  ;  and  fubfequent 
ebullition  in  water  diffolves  the  gelatinous  part,  at  the 
fame  time  that  it  deprives  it  of  fuch  portions  of  extract 
and  fait  as  had  been  defended  from  the  action  of  the 
two  former  folvents.    The  fat  is  alfo  liquefied  by  this  I 
operation,  and  arifes  to  the  furface.    By  flow  evapo- 
ration of  the  aqueous  folution,  made  in  the  cold,  the  I 
albuminous  part,  or  ferum,  coagulates,  and  may  be  j 
feparatcd  on  the  filter :  the  filtered  liquor  \vi!l  afford  I 
its  fait  by  evaporation :  the  fpirituous  foiution  depo- 
fits  the  extractive  matter  by  evaporation  :  and  the  de- 
coction affords  the  jelly,  with  die  fat  oil,  which  fvvims 

it 


FLESH  AND  FAT  0*  ANIMALS.  $l5 

sat  the  furface  and  congeals  by  cooling.    The  remain-  parts  of 
BBg  folid  fubftance  confifts  merely  of  the  fibrous  mat-  /NmALS,J 
Iter,  which  is  white,  infipid,  and  infoluble  in  water.  Analyfis  of  the 
This  affords  much  volatile  alkali,  and  a  very  fetid  oil,  fldh  °f  aiumalJ* 
by  diftillation ;  and  it  gives  out  a  large  quantity  of 
;phlogifticated  air  when  treated  with  nitrous  acid.  In 
a  word,  it  has  all  the  characters  of  the  fibrous  part  of 
:the  blood,  and  is  probably  formed  by  the  depofition 
rof  that  fubftance  *. 

The  extractive  or  faponaceous  matter  obtained  by 
the  evaporation  of  the  fpirit,  is  foluble  likewife  in  . 
water ;  it  fwells  up  and  liquefies  by  heat,  and  emits 
a  fmell  fomewhat  refembling  that  of  burned  fugar : 
it  is  this  fubftance  which  predominates  in  the  brown 
cruft  that  covers  the  furface  of  roafted  meat.  The 
fait  afforded  by  the  decc£tion  of  flefh  has  not  been 
perfectly  examined ;  but  it  feems  to  confift  of  the 
phofphoric  acid,  united  partly  with  the  vegetable  al- 
kali, and  partly  with  lime. 


The  fat  of  animals  is  a  fubftance  of  the  fame  nature  Fat  of  animal j, 
as  thofe  oils,  which  are  called  fat  oils  in  the  vegetable 
kingdom.  Its  confiftence  is  various  in  different  ani- 
mals, and  in  different  parts  of  the  fame  animal.  The 
fat  of  the  human  fpecies  and  of  quadrupeds  is  confid- 
ent, and  of  a  white  or  yellowifh  colour ;  the  fat  of 
the  internal  parts  being  ufually  firmer  than  that  which 
is  placed  among  the  mufcles.  It  poffeffes  all  the  cha-  Page4»r. 
'rafters  of  vegetable  fat  oils  though  the  crude  fat  of 
animals  appears  to  contain  a  confiderable  quantity  of 


*  Fourcroy,  iv.  427. 
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parts  of  mucilage  or  jelly  peculiar  to  that  kingdom,  whicft 
i '        LS\  may  for  the  moft  part  be  warned  off  by  agitation  in  a 

large  quantity  of  hot  water. 
Acid  of  fat.        The  acid  of  fat  is  confidered  as  belonging  to  the 
animal  kingdom,  though  indeed  it  is  no  lefs  abundant 
Sn  the  fat  oils  of  vegetables.    It  may  be  obtained  by 
diftillation.    Or  otherwife  a  quantity  of  fuet  may  be 
melted,  and  mixed  with  quick-lime :  as  foon  as  the 
mixture  is  cold,  it  mud  be  boiled  in  a  large  quantity 
of  water.    After  filtration  and  evaporation,  the  calca- 
reous fait  formed  by  the  combination  of  that  eardi 
with  the  acid  of  the  fat,  is  obtained  of  a  brown  co- 
lour.   A  flight  calcination  in  a  crucible  renders  it 
purer,   by  the  deftruclion  of  a  portion  of  inflam- 
mable matter ;  and  by  folution,  filtration,  and  the 
addition  .of  a  certain  quantity  of  fixed  air  to  preci- 
pitate the  fuperfluous  lime,  a  clear  folution  of  the 
acid  of  fat,  neutralized  with  calcareous  earth,  is 
obtained.    Evaporation  of  this  fluid  affords  the  pure 
white  fait ;  and  this,  when  diftilled  with  the  addi- 
tion of  vitriolic  acid,  affords  the  acid  of  fat,  which 
comes  over  into  the  receiver,  while  the  lime  antt 
vitriolic  acid  remain  in  the  retort,  in  the  form  of 
felenite. 

Characters  of  The  general  characters  of  the  acid  of  fat  arc  the 
t  eacido  fat.  f0uowmg . — It  is  liquid,  fuming,  and  of  a  penetrating 
finell;  decompofable  by  fire,  which  turns  it  yellow, 
and  extricates  or  produces  fixed  air.  Blue  colours 
are  ftrongly  reddened  by  it.  Water  diflblves  it  in  all 
proportions.  With  lime,  and  alio  with  the  fixed 
Alkalis,  it  forms  cryflallizable  falts,  which  are  not 
decompofed  by  heat.    Siliceous  earth  appears  to  be 

folubls 
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ubk  in,  or  corroded  by,  this  acid ;  and  it  a£h  on  parts  of 

,     -    ,  ,  ANIMALS. 

'•era!  of  the  metals.  .  . 


•Spermaceti  is  a  peculiar  fubftance,  of  the  nature  of  Method  of  ob- 

11  taming  fperma- 

:  oil,  which  is  found  in  the  head  of  a  fpecies  ofceti. 
lale.  One  of  thefe  fifties  affords  fome  tons  of  brain6, 
lich  are  firft  grofsly  freed  from  the  oil,  by  draining 
:d  prefling ;  and  afterwards  more  perfectly  purified, 
fteeping  them  in  a  lye  of  alkaline  fait  and  quick- 
ie, which  converts  the  remains  of  the  oily  matter 
:o  foap.  The  brains  being  then  warned  with  water, 
pear  of  a  fdver  whitenefs  ;  and  nothing  more  is  then 
quired  to  complete  the  preparation,  than  to  cut 
em  in  pieces  with  wooden  knives,  and  fpread  them 
road  to  dry.  Good  fpermaceti  is  in  fine  white  Its  chara&er* 
kes,  glofiy,  and  femi-tranfparent ;  rather  un&uous 
the  touch,  though  dry,  and  in  fome  meafure  friable* 
.  fmell  is  faintifh,  though  not  difagreeable  ;  and  it 
s  fcarcely  any  tafte,  on  account  of  its  being  either  ' 
arly  or  totally  infoluble  in  the  faliva :  expofure  to 
e  air  renders  it  yellowifh  and  rancid  in  procefs  of 
ne ;  and  that  the  more  readily,  in  proportion  as 
e  original  purification  has  been  lefs  complete.  It 
ay  however  be  rendered  white  and  fweet  again,  by 
:eping  it  afrefh  in  cauftic  alkali,  and  waihing  it  in 
iter. 

It  is  fcarcely,  if  at  all,  more  combuftible  than —and  habitudes. 
How ;  and  is  a  much  better  material  for  candles, 
caufe  lefs  fufible  and  greafy  By  diftillation  it 
tally  rifes,  leaving  no  coal  behind ;  but  its  com- 
ment parts  do  not  rife  together.  Four  ounces  of 
is  fubftance  afforded  three  ounces  and  a  half  of  4 
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parts  or  clear  yellowifh  butyraceous  oil,  refembling  oil  of 
wax  in  fmell,  and  coagulate  in  the  cold,  like  that 
fubftance ;  a  drachm  and  a  half  of  the  product  con- 
fided of  phlegm,  and  the  reft  was  wafted  or  diflipated 
in  the  procefs  *. 

Hahitudes  of      i  "Water  has  no  other  effect  upon  fpermaceti,  when 

fpermaceti  with  1 

various  fub-  boiled  with  it,  than  to  feparate  a  final  1  quantity  of 
mucilaginous,  or  perhaps  faponaceous  matter,  which 
is  probably  an  impurity.  Oils  diffolve  it,  by  the  affift- 
ance  of  heat ;  hot  ardent  fpirit  likewife  diflblves  it, 
but  lets  the  greateft  part  fall  upon  cooling  ;  ether  dif- 
folves  it  very  readily ;  fulphur  combines  with  this  fub- 
ftance, in  the  fame  manner  as  it  does  with  fat  oils; 
the  nitrous  and  marine  acids  have  no  action  on  it  j 
concentrated  vitriolic  acid  diffolves  it,  but  lets  it  fall 
again  by  heat. 

Conjcfture  re-    ■  It  has  been  conjectured  that  this  fingular  fubftance 

fpc&ing  its  fin-  .  r  - 

gular  properties,  bears  the  lame  relation  to  tat  oils  as  camphor  does  to 
Jgj6  *zi~',zi'  the  effential  oils.  Wax  appears  to  have  the  fame  rela- 
tion to  fixed  oils,  as  refm  has  to  the  effential ;  th.it  is 
to  fay,  both  have  been  rendered  concrete  by  the  ab- 
forption  of  vital  air.  But  fpermaceti  and  camphor 
feem  to  differ  in  fome  other  leading  particular ;  pro- 
bably in  the  abfence  of  acid,  or  of  any  bafis  which 
can  eafily  be  acidified  by  the  action  of  nitrous  or 
other  acids.  Much  information  would  no  doubt  be 
derived  from  a  careful  examination  of  the  products 
which  thefe  feveral  fubftances  afford  by  combuftion. 

*  Neumann's  Chemiftry,  by  Lewis,  ii.  422.  Fourcroy,  it.. 
447,  fays  that  fpermaceti  forms  a  foap  with  cauftic  alkali ;  which 
is  contrary  to  the  pofuivc  aiTcrtion  of  Neumnmi,  from  whom  the 
foregoing  pah  of  the  text  is  taken. 

The 
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(The  bones  of  men  and  quadrupeds  owe  their  great  parts 
mnefs  and  folidity  to  a  confiderable  portion  of  the  t  ANIMA 
ofphoric  fait  of  lime  which  they  contain.    When  Bone 
kefe  are  rafped  fmall,  and  boiled  in  water,  they  afford 
:  Iatinous  matter,  and  a  portion  of  fat  or  oil,  which 
vcupied  their  interlaces.    By  deftructive  diftillation 
tey  afford  alkaline  phlegm,  a  fetid  oil,  and  much 
datile  alkali;  leaving  a  coal  not  eafily  burned.  In 
n  open  fire,  bones  are  inflamed  by  virtue  of  their  oil, 
id  emit   an   offenfive  empyreumatic  fmell.  The 
hite,  friable,   and  incombuftible  refidue,   confifts  White  re 
liefly  of  lime  and  phofphoric  acid  in  combination. 
:  affords  a  fmall  quantity  of  mild  mineral  alkali  by 
'afhing  with  water.    This  white  matter  is  decom- 
ofable  by  fufiori,  with  mild  fixed  alkalis,  which 
nite  with  the  phofphoric  acid,  at  the  fame  time  that 
lie  fixed  air  converts  the  lime  into  chalk.    Acids  Page 
kewife  difengage  the  phofphoric  acid,  by  uniting 
t-ith  the  lime'.    The  nitrous  or  the  vitriolic  acids  are 
lioft  commonly  ufed  in  this  procefs. 
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CHAP.  V. 

CONCERNING  THE    BILE,    THE   GASTRIC  JUICE,  AND 
THE  ACID  OBTAINED  FROM  ANTS. 


T 


tke  bile  or  gall 


H  E  fluids  which  remain  to  be  confidered,  z% 
compofing  part  of  animals,  are  the  bile,  the 
gaftric  juice,  and  fuch  acids  as  are  obtained  by  treat- 
ment of  animal  matters. 
Cha rafters  of       The  bile  or  gall  is  a  fluid  of  a  yellowifh  green 
colour,  exceflively  bitter,  and  of  a  faint  naufeous, 
fmell.    It  is  feparated  from  the  blood  in  a  glandular 
vifcus,  well  known  by  the  denomination  of  the  liver, 
and  in  moft  animals  is  collected  in  a  veflel  called  the 
gall  bladder.    The  gall  of  oxen  is  that  which  chemifts 
have  more  particularly  examined.    Its  confiftence  is 
almoft  gelatinous  j  by  agitation  it  forms  a  froth  fimi- 
lar  to  that  of  a  folution  of  foap.    Water  diflblves 
it  in  all  proportions;  and  this  folution  produces  the 
fame  effecl:  as  a  folution  of  foap  in  fcouring  cloths. 
All  the  acids  decompofe  it,  and  produce  a  coagulum^ 
which  feparates.  from  the  watery  folution,  at  the  fame 
time  that  the  acid  becomes  neutralized  by  a  portion 
of  mineral  alkali  which  unites  with  it.    The  coagu- 
lum,  which  may  be  feparated  by  the  filter,  is  thick, 
vifcid,  very  bitter,  and  very  inflammable.    It  appears 
fo  far  of  a  refinous  nature,  as  to  be  totally  foluble  in 
ardent  fpirit :  hence  it  follows  that  the  bile  con  fills 
principally  of  a  foap  compofed  of  this  matter,  and  the 
mineral  alkali.    It  alfo  contains  a  quantity  of  ferum, 

which. 
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Lwhich  caufes  it  to  coagulate  by  heat,  or  by  the  a£tion  animal 
jf  ardent  fpirit,  and  difpofes  it  to  putrefy.  Ardent 
Hipirit  takes  up  the  faponaceous  matter,  and  leaves  the 
ilferum  behind. 

Deftru&ive  diftillation  feparates  firft  an  aqueous  Deftruftive  dif* 

'  .  ,.         •  n  i         it     r  i  tillation  of  the 

fifluid,  neither  acid  nor  alkaline,  but  dilpoied  to  pu-  bile, 
ktrefy.    Nothing  elfe  paffes  over  upon  the  water-bath. 
The  refidue  is  of  a  dark  colour,  very  tenacious, 
J  like  pitch,  and  totally  foluble  in  water.    If  the  diftil- 
lation be  continued  with  caution,  on  account  of  the 
fwelling  of  the  matter,  the  products  are  a  yellowilh 
.alkaline  phlegm,    empyreumatic  oil,   much  volatile 
.alkali,  and  the  elaftic  produces  confift  of  fixed  and 
i  inflammable  air.    A  confiderable  coal  remains,  which 
icontains  mineral  alkali,  an  earth,  which  is  probably  a 
"(combination  of  phofphoric  acid  and  lime,  and  a  fmall 
bportion  of  iron. 

The  nature  of  the  biliary  concretions  which  are  Biliary  concrev 
|  i  formed  in  the  gall  bladder,  has  not  yet  been  com-  l0U  * 
trpletely  afcertained.    Thefe  are  found  fometimes  of  an 
jiirregular  texture,  and  a  brown,  black,  yellowifli,  or 
^reenifli  colour ;  others  confift  of  tranfparent  cryftal- 
I)  line  laminoe,  fometimes  radiated  from  the  centre  to 
Itthe  circumference.    *  Two  ounces  of  biliary  calculus, 
of  a  grey  colour  without,  and  brownifli  green  within, 
■were  diflblved  in  twelve  times  their  weight  of  pure 
Irardent  fpirit,  by  the  affiftance  of  a  moderate  heat. 
■'The  hot  folution  being  filtered,  foon  depofited,  by 
Jicooling,  a  large  quantity  of  laminated  white  brilliant  * 
Iccryftals,  refembling  the  concrete  acid  of  borax.  Th« 


Fourcroy,  in  the  Armalcs  de  Chimie,  iii.  245. 
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animal     quantity  amounted  to  near  one  fixteenth  of  the  whole) 

^  LU1D;"  J  calculus  ;  and,  upon  examination,  it  pofiefTed  the  fol- 

Examination  of  lowing  properties: — It  was  inflammable,  and  melted 
«uLs.'  my  Cal"  by  a  gentle  heat  in  a  fpoon,  with  a  fmell  like  wax, 
and  cooled  into  a  brittle  fubftance  of  a  cryftallized 
fracture  :  a  fudden  heat  volatilized  the  whole.  Water 
had  no  action  upon  it  when  cold  ;  but  boiling  water 
caufed  it  to  melt,  and  float  on  the  furface  like  an  oil, 
which  became  concrete  by  cooling.  Cauftic  alkalis 
converted  it  into  foap.  Nitrous  acid  diflblved  it 
quietly,  and  the  addition  of  water  feparated  it  unal- 
tered. Ardent  fpirit  diflblved  it  by  heat  j  but  the 
greater!  part  was  feparated  by  cooling.  Thefe  charac- 
ters indicate  that  it  is  a  fubftance  of  the  fame  nature 
as  fpermaceti.  The  author  *  of  this  valuable  difco- 
very  has  alfo  found  that  the  cryftallized  gall  ftones 
contain  this  matter  ft  ill  more  abundantly  ;  and  that  it 
cxifted  in  confiderable  quantity  in  an  human  liver 
which  had  been  expofed  to  the  air  for  feveral  years, 
and  had  loft  its  volatile  parts  by  putrefaction.  The 
affiduous  refearches  of  the  fame  philofopher 'into  the 
animal  ceconomy,  have  detected  the  fame  fubftance,  in 
a  faponaceous  form,  in  bodies  which  had  been  many 
years  buried  under  ground. 
Tkegaftric fluid.  A  confiderable  number  of  chemifts  have  examined 
the  properties  of  the  fluid  which  appears  to  be  the 
menftruum  of  digeftion  in  the  ftomachs  of  animals. 
It  is  certain  that  in  this  procefs  the  aliments  become 
converted  into  a  foft  or  pulpy  mafs,  moft  probably  hy 
the  a&ion  of  a  folvent,  aflifted  by  their  own  tendency 

v*  Fourcroy,  in  the  Annates  before  cited,  iii.  i:e. 
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fpontaneous  decompofitlon,  at  the  temperature  of  animal 
body  of  the  animal.    The  gaftric  juice  procured,  *  j 


*rn  the  ftomachs  of  animals  which  have  been  kept  The  gaftric  fluid. 
Bring  for  a  confiderable  time,  appears  to  differ  ac- 
■dding  to  their  refpe£tive  natures.  It  is  thought  to 
■lefs  a  foivent  power  upon  animal  and  vegetable 
fclMtances,  without  any  preference  of  affinity ;  but 
M>s  laft  ciixumflance  is  fcarcely  probable.  A  power- 
■  antifsptic  quality  is  reckoned  among  its  attributes  ; 
\  t  there  are  fome  reafons  to  think  that  in  graminivo- 
Iiis  animals  it  has  the  contrary  effect.  In  thefe  laft, 
tore  efpecially,  it  contains  a  diiengaged  acid,  which 
t  ims  to  be  the  phofphoric.  And  upon  the  whole,  it 
iirpears  that  accurate  and  decifive  experiments  are  (till 
mnting,  to  determine  the  nature  of  this  compounded 
led  variable  fluid,  which  is  of  fuch  important  uie  in 
fife  animal  ceconomy. 

I  Of  the  acids  which  are  confidered  as  belonging  Acid  of  ants. 
If  ore  efpecially  to  the  animal  kingdom,  we  have 
Irready  attended  to  thofe  afforded  by  milk,  by  fat, 
hf  the  ftone  of  the  bladder,  by  filk  worms,  and  by 
hie  calcination  of  blood  with  an  alkali,  in  the  prepa- 
.  ition  of  Pruflian  blue  ;  it  therefore  remains  only  for 
I'S  to  give  an  account  of  the  acid  which  is  afforded  by 
rnts.  Thefe  animals  appear  to  contain  a  peculiar 
[ccid,  in  a  veffel  placed  near  the  hinder  part  of  their 
bodies  *,  which  they  eje£t  when  enraged ;  or  moiften 
f heir  fangs  with  it,  to  render  their  bite  more  painful. 
[The  acid  may  be  obtained  by  diftillaticn  of  the  ants 

*  Wiegleb's  Chcmiftrv,  by  Hopfon,  p.  191.  On  this  acid, 
confult  the  authors  there  referred  to ;  and  alio  Fontana,  in  the 
Journal  de  Phyfiquc  for  1778,  part  ii. 

with 
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with  water,  and  fubfequent  prefiure  of  the  refidue; 
or  the  ants  may  be  tied  up  in  a  bag,  and  twice  in- 
Acid  of  ants,  fufed  in  hot  water  ;  from  which  infufion  as  much 
acid  may  be  diflilled  off  as  can  be  had  without  burn- 
ing the  refidue.  It  may  be  purified  by  faturating  it 
with  alkali,  filtrating,  and  evaporating  part  of  the  li- 
quor, and  diftilling  it  with  half  it6  weight  of  vitriolic 
acid :  or,  more  conveniently,  the  rectified  acid  may 
be  expofed  to  the  action  of  a  freezing  atmofphere, 
which  congeals  its  aqueous  part.  This  acid  has  a 
confiderable  refemblance  to  vinegar  when  it  is  diluted. 
It  acts  upon,  and  combines  with,  alkalis,  foluble 
earths,  and  metals,  and  forms  peculiar  compounds ; 
from  which,  as  well  as  the  order  of  its  elective  at- 
tractions, its  title  to  be  confidered  as  a  diftinct  or 
peculiar  acid  is  eftablifhed. 

Deftructive  diftillation  converts  it,  like  the  vegetable 
Stcids,  into  fixed  air  and  inflammable  air. 
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An  account  of  the  tables. 


ABLE  I.  contains  a  feries  of  numbers,  exprefT-  account 
inn;  the  comparative  heats  of  bodies.    It  is  co- 

°  r  ,  TABLES, 

.ed  from  Crawford's  Experiments  and  Obfervations  i  „  i 
i  Animal  Heat,  and  the  Inflammation  of  Combuftible  Table  ofuconv 

paratiYC  he»\s. 

todies:  London,  1788.  The  principles  on  which  this 
able  is  formed,  have  been  explained  in  page  14  of 
-ar  Work,  and  elfewhere.  Nothing  more  need  there- 
ire  be  faid,  than  that  the  numbers  are  here  reduced 
11  one  common  (landard  of  comparifon,  water  being 

aflumed 
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account    afTumed  as  unity.   As  thefc  numbers  are  deduced  from 
OF        the  thermometrical  changes  undergone  by  the  feveral 
v       j  bodies  in  like  fituations,  it  is  clear  that  they  are  of  ufe 
to  indicate  thofe  changes,  for  they  will  be  inverfely  a$ 
the  numbers  th'fcmfelves. 
Tahic  of        TABLE  II.  contains  the  weights  of  different  coun- 

weiihts. 

tries,  compared  in  French  and  Englifh  grains.  The 
value  of  this  Table  is  obvious,  and  its  character  may 
be  feen  at  page  70. 
Table  of  fpecific  TABLE  III.  exhibits  the  fpecific  gravities  of  bo- 
dies. In  compiling  this,  I  had  BrifTon's  Table  at  the 
end  of  Lavoifier's  Traite  Elemerrtaire  de  Ghimie,  and 
Mufchenbroek's  large  Table  in  his  Cours  de  Phyfique, 
before  me.  Some  few  fpecific  gravities  are  from 
other  authors,  or  from  experiment.  It  appeared  ufe- 
lefs  to  carry  it  to  more  than  four  places  of  figures,  as 
the  temperatures  were  not  noted,  and  the  various 
fpecimens  of  the  fame  fubftance  often  differ  in  the 
third  figure.  Theft  affertions  may  be  thought  to  re- 
quire proof :  for  which  reafon  I  mail  obferve,  that  by 
experiment  I  find  that  the  fifth  figure  changes  at  every 
three  degrees  of  Fahrenheit's  thermometer ;  that  lead, 
tin,  and  probably  all  other  metals  caft  out  of  the  fame 
•  ifafton,  vary  in  their  fpecific  gravities  in  the  third 
figure,  from  circumftances  not  yet  -determined,  but 
rndft  likely  from  the  cooling,  as  is  feen  in  the  harden- 
ing of  fteel ;  that  falts,  -and  other  artificial  prepara- 
tions, retain  more  or  lefs  of  the  folvent  tkey  were 
feparated  from,  according  to  the  temperature  at  which 
it  was  effected  *,  and  that  all  parts  of  •organized  fub- 
ftamces  not  only  differ  according  to  the  place  of  their 
production,  their  age,  and  other  circumftances,  but 

like-) 
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likewife  from  their  drynefs,  moifture,  and  manner  account 


of  prefervation.  ov 

r  TABLES. 

TABLE  IV.  is  taken  from  the  fevcnth  Table  of 


M.  Lavoifier's  Traite  Elementaire.    I  have  in  another  Tab!eof  fPcciftc 

gravities  ot 

place*  mentioned  the  flrong  objections  which  may  aerial  fluids* 

be  urged  againft  the  fuppofed  or  implied  accuracy  of 

thefe  weights,  taken  to  fo  many  places  of  figures. 

In  that  place,  as  the  object:  of  attention  was  of  a  con- 

troverfial  nature,  it  was  proper  to  fpeak  far  within 

compafs  ;  but  on  the  prefent  occafion  I  mufb  obferve, 

that  the  moft  accurate  practical  chemifts  would  confi- 

der  a  true  determination  of  the  fpecific  gravities  of 

aerial  fluids  to  three,  or  even  two  places  of  figures,  as 

a  great  and  valuable  acquifition ;  and  though  I  regard 

this  Table  as  the  befl  we  poflefs,  yet  in  every  inflance 

I  doubt  the  accuracy  of  the  third  decimal,  and  in  molt 

of  them  the  feconcl.    The  column  of  Englifh  grains 

is  fubftituted  inftead  of  the  weight  of  a  cubic  foot 

French,  which  occupies  that  place  in  the  original. 

TABLE  V.  is  taken  from  an  excellent  Paper  of  Table  of  expan- 
Morveau,  in  the  firft  volume  of  the  Annales  de  Chimie. 
The  experiments  were  made  by  M.  Prieur  du  Vernois 
upon  the^quantity  of  about  15^  cubic  inches  French, 
under  the  preffure  of  about  27  French  inches  of  mer- 
cury, which  anfwer  to  near  28  Englifh.  The  manner 
in  which  this  inveftigation  was  conducted,  does  great 
credit  to  both  the  philofophers  who  were  concerned 
in  it ;  and  the  Eflay  itfelf,  of  which  this  Table  is  the  ' 
fefult,  is  highly  deferving  of  the  attention  of  thbfe 

*  Preface  to  the  fecond  edition  of  Kirwan's  Effay  on  Phlo- 
gifton,  p.  x. 

c  fludents 
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OF 
TABLES. 


account    irudents  who  wifh  to  know  the  precautions  require! 

in  thefe  delicate  experiments,  as  well  as  of  the  ftrifik 
enquirer  who  may  be  defirous  of  knowing  how  far  he 
may  depend  on  the  Table  itfelf. 
Tables  of  dec-     TABLES  VI.  to  XL  contain  in  fubftance  the  two 
Tables  of  Attra£tiones  EledHvse  Simplices  which  are 
placed  at  the  end  of  Bergman's  Treatife  on  Elec- 
tive Attractions,   inferted  in  the  third  volume  of 
his  Opufcula,  and  of  which  we  have  had  a  fepa-  • 
rate  tranflation  into  Englifh.    They  have  been  fince 
copied  into  a  variety  of  works,  and  in  moft  with 
-amendments.     I   have   not   however   ventured  to 
make  any  alteration,  except  fuch  as  tended  to  facili-* 
tate  the  infertion  of  them  in  the  regular  pages  of  the 
book,  inftead  of  adopting  the  much  lefs  convenient 
mode  of  printing  on  a  large  fheet  to  be  folded  out. 
Hence  it  is  the  arrangement  of  the  columns  only 
which  is  altered,  and  repetitions  avoided  ;  except  that 
in  Table  VIII.  there  is  a  notice  that  the  perlate  acid, 
vital  air,  the  matter  of  heat,  and  fiderite,  are  left  out ; 
the  reafons  for  which  need  not  be  repeated  here. 
Two  inducements  rendered  it  moft  eligible  to  retain 
the  Tables,  in  other  refpe&s,  the  fame  as  Bergman  left 
them.    The  one  was,  that  they  might  continue  to  be 
Bergman's  Tables ;  and  the  other  was,  that,  if  I  had 
been  prepared  for  the  arduous  tafk  of  compofing  new 
Tables,  it  would  have  been  incumbent  On  me  to  have 
fully  {rated  my  reafons  for  the  arrangements  I  might 
have  adopted ;  which  would  have  been  incompatible 
with  the  limits  of  an  Elementary  Treatife. 

"With  regard  to  thefe  Tables,  after  earneftly  re* 
commending  the  Undent  to  perufe  the  work  from 

which 
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•hich  they  are  extracted,  it  may  be  obferved,  that  account 
ne  fubftances  at  the  heads  of  the  columns  are  con- 

TABLES. 

tiered  as  fimple,  with  regard  to  the  fails  enumerated  i       v  j 

11  thefe  (ketches,  and  fo  like  wife  are  the  fubftances  in-  J?leftive  attrac" 
7  tions.      .  . 

rrted  in  the  columns.  The  order  of  pofition  denotes 
.iat  the  higher  any  fubftance  Hands  in  any  column, 
ue  ftronger  is  its  elective  attraction  to  the  fubftance 
:  the  head  of  that  column.    The  under  part  of  each 

able  exhibits  the  attractions  in  the  dry  way,  and 
tuft  be  confidered  as  entirely  diftinct  from  the  upper 
lart.  The  horizontal  lines  between  the  fubftances  in 
me  columns  denote  that  their  pofitions,  or  comparative 
rowers  of  attraction,  are  well  determined;  and,  when- 
,ver  thefe  lines  are  wanting,  the  pofitions  are  more  or 
tfs  conjectural.  Hence  it  may  be  feen  how  much 
::mained  to  be  done  at  the  time  the  great  Bergman 
nnftructed  thefe  Tables; 

TABLE  XII.  exhibits  an  approximation  towards 
<{pre(Ting  the  powers  of  elective  attraction  between 
CDclies  generally  applied.     It    is  evident   that  the 

ables  of  fimple  elective  attraction  exprefs  only 
vie  order  in  which  the  feveral  enumerated  fubftances 
urpafs  each  other  in  power  to  adhere  to  the  common 
nbftance  at  the  head  of  each  column  \  and  do  not 
\y  any  means  (hew  what  will  happen  when  a  com-' 
ound  of  two  principles  is  applied  to  another  com- 
ound  alfo  containing  two  principles,  as  in  the  cafes 
.illed  double  elective  attraction.  We  cannot,  in 
net,  decide  in  circumftances  of  this  nature,  unlefs  we 
r:e  previoufly  acquainted  with  the  fum  of  the  two 
t:tractions  which  tend  to  preferve  the  original  com- 
iinations,  and  are  on  that  account  very  exprefllvely 

M  m  denomi- 
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account    denominated  by  Mr.  Kirwan  quiefcent  attraction;  ; 

and  alfo  with  the  fum  of  the  other  two  attractions 

TABLES. 

t       v      j  which  tend  to  form  new  combinations,  and  are  by 
the  fame  chemift  called  the  divellent  attractions^ 
Thus,  for  example,  if  vitriolated  tartar,  or  the  com- 
pound of  vegetable  alkali  and  vitriolic  acid,  be  pre- 
fented  to  the  marine  fait  of  lime,  we  cannot  foretel 
the  confequence  from  any  fimple  Tables,  becaufe 
thefe  will  not  {hew  whether  the  fum  of  the  powers 
which  tend  to  preferve  the  union  of  the  alkali  and 
vitriolic  acid,  and  alfo  of  the  lime  and  marine  acid, 
be  in  fact  greater  or  lefs  than  thofe  by  which  the 
alkali  tends  to  combine  with  the  marine,,  and  the  lime 
with  the  vitriolic  acid,  and  form  the  new  compound 
of  fait  of  fylvius  and  felenite.    Hence  we  fee  the 
great  advantage  which  the  Science  of  chemillry  -would 
derive  from  an  extenfive  numerical  Table  founded  on 
experiments  of  the  nature,  of  that  now  before  us- 
For,  in  the  prefent  inftance,,  we  find  from  the  Tabler 
that  the  vegetable  alkali  and  vitriolic  acid,  adhere  with 
a  power  exprefled  by  the  number  62  •,  while  the  lime 
and  marine  acid  adhere  with  a  power  denoted  by  2c 
Thefe  are  the  quiefcent  affinities,  and  their  fum  is  82- 
On  the  other  hand,  by  the  fame  Table,  we  find  that 
the  attraction  between  vitriolic  acid  and  lime  is  54  j. 
and  between  vegetable  alkali  and  marine  acid  32- 
Thefe  are  the  divellent  affinities,  and  their  fum  is  86'. 
The  latter  muft  therefore  prevail ;  that  is,  the  combi- 
nations will  be  changed  by  the  vitriolic  acid  melting 
with  the  lime,  and  forming  felenite ;  while  the  marine1- 
acid  combines  with  the  vegetable  alkali,  and  forms 
fait  of  fylvius. 

c  TABLE. 
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TABLE  XIII.  (hews  the  proportion  of  ingredients  account 
in  earths  and  {tones.    It  is  taken  from  Kirwan's  Mi-  OF„ 

TABLES. 

neralogy.    The  extenfive  and  indefatigable  refearches  ^       v  * 
•of  this  author  into  all  the  fources  of  chemical  infor-  ™jj 
mation,  and  the  numerous  additions  he  has  himfelf and  ft°nw« 
made  to  the  fcience,  have  enabled  him  to  render  this 
Table  more  perfect  than  any  which  is  elfewhere  to  be 
met  with.    Much  however  remains  ftill  to  be  done,  in 
« every  part  of  it,  before  we  can  depend  on  its  accuracy 
throughout;  and  we  hope  the  author  will  add  the 
i  labour  of  perfecting  it,  to  the  other  advantages  which 
the  fcientific  world  has  derived  from  his  exertions. 
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TABLE  I.  The  Comparative  Heats  of  dif- 
ferent Bodies. 


Inflammable  air    *—  > 

Dephlogifticated  air     

Atmofpherical  air    

Aqueous  vapour  ■  —  

Fixed  air   ;   — — 

Arterial  blood   — — 

Water       

Frefh  milk  of  a  cow  •    

Venous  blood                             —  — 

Phlogifticated  air     

Hide  of  an  ox,  with  the  hair   

Lungs  of  a  fheep   

Lean  of  the  beef  of  an  ox    — 

Alcohol    — —  — — 

Horfe  beans    —  — 

Spermaceti  oil    — — — 

Duft  of  the  pine  tree  — —   

Peas    —  — — 

Wheat   <   

Barley    ■   

Oats    —   

Vitriolic  acid      — 

Pitcoal       

Charcoal      ■ 

Chalk   •   

Ruft  of  Iron      — 

Wafhed  diaphoretic  antimony   

Calx  of  copper,  nearly  freed  from  air  — 
<3mcklime  ■  ■■  ■ 

Cinders  —   —  — 

Afhes  of  cinders    ■ 

Ruft  of  iron,  nearly  freed  from  air   

Wafhed  diaphoretic  antimony,  nearly  freed  from 

Afhes  of  the  elm-tree   — — 

Calx  of  zinc,  nearly  freed  from  air   

Iron      ' 

Brafs    i    

Copper  i  1 —     

White  calx  of  tin,  nearly  freed  from  air  — 

Regulus  of  zinc  ■   

Allies  of  charcoal  .  ,   

Tin 


air 


Yellow  calx  of  lead,  nearly  freed  from  air 

Regulus  of  antimony  

Lead     


21.4000 
4.7490 
1.7900 
1.5500 
1.0454 
1.0500 
1. 0000 

•9999 
.8928 

•793  6 
.7870 
.7690 
.7400 
.6021 
.5060 
.5020 
.5000 
.5000 
.4920 

•  477° 
.4210 
.4160 
.4290 

.2777 
.2631 

.2564 
.2500 
.2272 
.2272 
.2229 
.1923 
.1855 
.1666 
.1666 
.1402 
.1369 
.1269 
.1123 
.1111 
.0990 

•°943 
.0909 
.0704 
.0680 
.0645 
.0352 
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TABLE  II.    The  Weights  of  different  Countries. 


Place  and  Denomination  of  Weight. 

Marc  or.  gros.; 

rrains 

.  F.  grains. 

E.  grains. 

rsenm.    i  ne  marc  oi  id  loins  — —  — 

7 

5 

16 

44-S 

3OIO.3 

JJt^lllC,     V  JU1 U 1  ill  1 11  lo  WCIgHC  \}l     O  UlilJCCS  ■ 

1 

— 

4 

404s 

3413. 2 

Dinic,  rounu  oi  10  ounces^  ior  iiiercnana.iie(  — 

2 

1 

0 

.9,  . 

&r  nA  A 
6CO7.7 

x  ne  common  pounu  varies  very  coniiucraoiy  in 

other  towns  of  the  Canton. 

Berne.  Apothecaries  weight  of  8  ounces  — 

— 

7 

5i 

20 

4454 

3654. 

— 

7 

5 

Of 

43r'Ks 

-    -  '■  ft 

l-ir"i  i  H  ►*  1  c          '  1    r>  m    tt~\  ^                    Ai'im  n  ')  1    r***r\*r/»0  tiro  ■  on  ¥ 

-Diunnb.     x  ne  marC)  or  original  rroye»  wcignt  ~ 

1 

— 

— 

21 

4629 

1  A  A  A  A 

3797-° 

•    «"•»  1        n          'I'np  rnirc  /it     i  r\  Irtt-rio  - 
V^UlUgll.        X  iiC  Jual  L  OX     1  t>  lUUlo                       ■  1  1 

— 

7 

5 

1 1 

44°3 

v-omianunopic.     i  ne  cncKi,  or  100  uracnnij  — * 

1 

2 

3 

x  0 

6004 

4925.0 

■    Antf^KirtAn           I  ».  r\  1  ri  inn  1 t-  r\  e     uroin-nt       rATVimnnh/  J 

VrupcnfidgcrL*      \)Oiuiiiiiiiis  wcigiiij    cuiiiiiiuiiiy  / 
luppoicci  cuuai  to  iiic  marc  oi  ^oiugn  ~*~  ^ 

7 

CI 
5a 

IQj 

44331 

3641.2 

Copenhagen.    Merchants  weight  of  16  loths  — 

j 

I 

AT  1 

22^ 

47025 

_ 

3°57-9 

T]  inf-Ti^lr         \A    *mKt    /*/"\  *r\  *vi         1       1  1 1  r.T\A  1  P>t\    P/Illll   tA  J 

XvaniZlCK.    y»  cignt  commonly  mppuicu  cuuai  iu  / 
me  marc  oi  v^otugu  — *  j 

7 

5 

35 

4395i 

3606. 

t  lorence.  I  ne  pound  ^ancicnny  uicu  oy  mc  ixomdnsy 

1 

3 

1 

20 

639a 

Vjcnoa.     l  ne  peio  loiine  1 

1 

2 

3° 

5970 

4?97-7 

vrenoa,     A  ne  peio  grono               —  — 

1 

2 

3 

5 

r nS  t 
5951 

4906.7 

j  T       ■  -1  ■  1  LI.^„L           11/  di/rkf'  >           r\  vyi  T"T"N  Anltr     1  imi"\nl  Pn     Anil  n  1  J 

xiamDurgn.   w  eigne  ^  commoiuy  luppoicu  e^juai  / 
to  the  Cologn  marc        —              — ) 
liamourgn.    Anoiiiei  weigni        —         •  — — 

n 
/ 

5 

71 

43991 

3609.4 

— 

7 

7 

23 

4559 

3  740.2 

liege.  "1  he  Bruffels  marc  ufed ;  but  the  wt.  proved 

— 

24 

40  2 

3  800. 1 

Jjiloon.     x  ne  marc,  or  nan  pouna. 

— 

7 

3i 

34 

43 18 

3542-4 

I-ondon.     Jt  ne  pouna  troy             —  — 

1 

4 

i£ 

1 

702 1 

5700. 

London.    The  pound  avoirdupoife 

1 

6 

0 

8538 

fi->  rn  1 
"3594 

7004.5 

Lucca.    The  pound   

1 

3 

— 

233 

("ATA 
5217. 

lNlaana.     1  ne  maic  royal  oi  v-aitue  — 

— 

7 

4 

0 
0 

4?  2  O 

355°- 7 

Malta.     i  ne  pouna 

1 

2 

2* 

a  ■ 

5961 

A  RrvD  ^ 

5 

T  /-I  J. 

44023 

3611.5 

Manheim.    ( I  he  \_ologn  marc; 

— 

7 

^   ft  '  I                              T"l  _n 

Milan.     Ihemarc           —            —  — 

— 

7 

5 

33 

4425 

3630.2 

Milan.    The  libra  grolia  — 

3 

— 

7h 

14364 

I  I  764. 

Munich     ( The  Cologn  marc;        —  — 

— 

7 

5 

Til 

44°3i 

36l2.3 

Naples.    The  pound  of  iz  ounces       —  — 

1 

2 

3* 

1  A 

-7 

6039 

4954-3 

Ratiibon.     1  he  weight  ioi  goia,  ot  125  crowns 

1 

6 

— 

24 

QUO  0 

rtfi?  r  a 

"°35o 

Ratifbon.    The  weight  for  ducats ;  of  64  ducats 

— 

7 

2 

r- 

420> 

3452-3 

Ratifbon.    The  marc  of  8  ounces   

1 

— 

— 

24 

4f-3- 

3  800. 1 

Ratifbon.    The  pound  of  16  ounces  — 

2 

2 

Ah 

e. 
0 

10098 

5770.5 

1 

I 

5 

'4 

£  'si, 

0  00 

5zj9- 

Romf.    The  pound  of  12  ounces  ■ 

3 

Stockholm.    The  pound  of  2  marcs   

1 

S 

7 

8 

8000 

6563.1 

Stuttgard.    (The  Cologn  marc)        —  — 

7 

5 

"3 

4;°-5 

3612.6 

Turin.    The  marc  of  8  ounces       —   ■ 

1 

224 

463°i 

3799- 

At  Turin  they  have  alfo  a  pound  of  12  of  (he 

above  ounces.  But,  in  their  apothecaries  pound 

of  1 2  ounces,  the  ounce  is  one  fixth  lighter. 

6271. 

W»rfaw.    The  pound  ■    

I 

5 

2 

12 

"644 

Venice.    The  libra  grofTa  of  12  ounces   

1 

7 

4-1 

8989^ 

73-4-5 

Venice.    The  pcfo  fottile  of  1  2  ounces   

1 

1 

6* 

24 

5676 

4656.5 

In  the  towns  dependant  on  Venice,  the  pound 

differs  confideiably  in  each. 

16 

Vienna.    The  marc  of  commerce   

I 

1 

1 

527- 

43*5- 

Vienna.    The  marc  of  money          —  — 

1 

1 

r 

26 

52S2 

4333-3 

France.    The  grain 

1. 

1.21S95 

England.    The  grain   1   

c.82039 

1. 

r   535  3 


TABLE  III.    The  Specific  Gravities  of 

Bodies. 


Pure  gold  cad 


hammered  — 


19258 
19362 
174S6 

175^9 
10474 
hammered     —  105 1 1 


Standard  gold  caft 

 hammered 

Pure  filver  caft  — 


Standard  filver  in  coin  — 
Crude  platina  in  grains 
Platina  purified  and  fufed 

 hammered  — 

 drawn  into  wire 

•  laminated   

-Mercury  —   

Lead  tufed 
Copper  fufed 


drawn  into  wire 


Brafs  caft  —   

 in  wire   

Iron  caft  —   

 bar  —   

Steel,  foft  and  nothammered 

 hardened   

Tin,  Englifh,  fufed   

■  hammered   

Malacca  tin  fufed   


■  hammered 


Bifmuth  —   

Nickel  —   

Arfenic,  the  regulus  — 

Cobalt  —   

Zinc     

Antimony       —  — — — 

Manganefe        —  — 

Wolfram  —   

Diamond  —   

Ruby  —   

 fpinell       —  — 

Topaz,  oriental   

Brazilian  

 Saxon      —  — 

Sapphire,  oriental  — 

Emerald  —   

Adamantine  fpar   

Jargon  of  Ceylon   

Rock  cryftal  from  Mada- 
gascar —   

Quartz     

Agate     


10391 
15602 
19500 

20337 
21042 
22069 
13568 
11352 
778S 
8878 
8396 
8544 
7107 
7788 
7.-40 
7816 
7291 
7299 
7296 
7306 

98 3  3 
8660 

5.6; 
7812 
7191 
67c  2 
6S50 
17600 

35ZI 
4183 
3:60 
40  r  1 
3536 
3  5(>4 

3994 
2775 
41*0 
4615 

26:3 
2654 
2590 


Onyx  ■    

Mufcovy  talc  —  — 
Common  flate      —  — 

Calcareous  fpar  1  

Alabafter  —   

White  marble        ■  ■ 

Lime  ftones  from   

 to   

Ponderous  fpar   

Fluor  fpar  ~  — 
Pumice  ftone  —  — 
Green  glafs       —  — 

Englifh  crown  glafs   

White  flint  glafs,  Englifh 
Another  piece      —  — 
White  flint  glafs,  for  achro- 
matic ufes  ■ 


2637 

279- 
2672 
2715 
2730 
27  1 6 

i3*& 
2390 

4474 
3  180 

914 

2620 

25  'O 

3290 
3216 


3437 
28,2 
24*8 
i99» 


White  glafs,  French 
Glafs  of  S.  Gobin 
Brimftone       —  — 
Phofphorus  — 
Yellow  amber  — 
Diftilled  water  — 
Sea  water       —  — 
Common  fpirit  of  wine 
Spirit  of  wine,  the  pureft  which 
canbehadbymerediftillation  820 


1714 
1078 

j  000 
10^6 
837 


Vitriolic  ether  — 

Nitrous  —   

Marine     

Acetous     

Concentrated  vitriolic  acid 

 nitrous  acid 

 :          marine  acid 

Fluor  acid  —   

Oil  of  olives   

—  of  fweetahnonds  — 
Linfeed  oil       —  — 

Naptha     

Gum  elaftic       —  — 

Camphor  —   

Yellow  wax  —   

White  Do.  —  — 
Spermaceti  1      —  ■  — 

Tallow  •    

Heart  of  oak  — - — 

Cork     

Egg  new  laid  1  . 


739 
909 

73o 
866 

2 125 
1580 
1 194 
1500 

9i5 

9*7 
94a 

708 

933 
989 
965 
969 
943 

94- 
n  70 

740 
1  obx 


M  m  4 


C    S3*  1 

TABLE  IV.  The  Specific  Gravities  of  Aerial 
Subftances;  the  Barometer  (landing  at  30  Inches, 
and  the  Thermometer  at  +  £55°.* 


Names  of 
Aerial  bubltances. 

Weight  of  one  cubic 

Inch. 
French.  Englifh. 

F.oin  the  Expe- 
riments of 

French 

Englifh 

grains. 

grains. 

Atmofphcric  air 

0.46005 

0.45689 

M.  Lavoifier. 

Phlogifticated  air 

0.44444 

0.44139 

The  fame. 

Vital  air 

0.50694 

0.50346 

The  fame. 

Inflammable  air 

°-°3539 

0.03515 

The  fame. 

Fixed  air 

0.68985 

0.6851 1 

The  fame. 

Nitrous  air 

0.54690 

0.54314 

M.  Kirwan. 

Alkaline  air 

0.27488 

0.27299 

The  fame. 

Vitriolic  air 

1.03820 

1.03 109 

The  fame. 

*  Striftly  the  numbers  are  29.84  inches  and  5^.5  degrees;  anfwiringto  28 
French  inches,  and  10  deg.  of  Reaumur. 

TABLE  V.  The  Expanfions  of  Aerial  Sub- 
ftances by  Heat,  from  the  Freezing  to  the  Boiling 
Points  of  Water.  For  every  Interval  of  200  of 
Reaumur's,  or  450  of  Fahrenheit's  Thermometer. 


Names. 

From 
320  to  77* 

From 
770  to  12  2° 

From 
1220  to  167  - 

From 
i67°to2i2° 

Total 
From 

32°  tO  21Z° 

Common  air 

1 

1 

T-5T 

1 

.... 

I 

1  -o  oT 

Vital  air 

1 

Xl.fT 

X 

1 

A  4-  1 

Phlogift.  air 

1 

-.IT 

S  + 

Infiam.  air 

I 

TT.7T 

1 

1 

2.  T 

Nitrous  ail- 

1 

1' 

T-"7  3"5- 

Its  ] 

I 

Fixed  air 

I 

7-rr 

•\l!:.i!ine  air 

1 

I 

T  •  7  T 

1  +  T.TT 

[3  +  ^?]!5+ttSs- 

*»•  The  numbers  between  brackets  aic  uiKertain. 


TABLE  VI. 
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Simple  Elective  Attractions. 
ACIDS. 
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TABLE  VII.    Simple  Elective  Attractions. 
ALKALIS  AND  EARTHS. 


IN  THE  MUM  ID  WAY. 


Veg.  Alkali 


Min. Alkali 


Vitriolic  acid 


N  itrous  acid 


Marine  acid 
Acid  of  fat 


Acid  of  fpar 


This  alkali 
agrees  with  the 
vegetable  in  the 
order  of  its  at- 
tractions, both  in 


Phofphor.  acid 


A.  of  fugar 
A.  of  tartar 
A.  .of  arfenic 
A.  of  amber 
of  lemon 
of  ants 
of  milk 
of  benzoin 


Acetous  acid 
A.  of  f.  of  milk 
Acid  of  borax 
Vol.  vitr.  a. 
Fumine  nitr.  a. 


Fixed  air 


Prurlian  acid 


Sulphur 
Met.  calces 


Water 


Fat  oils 


Clay. 


Lime. 


Barytes. 


Vitriolic  acid 
Nitrous  a. 
Marine  a. 
A.  of  fugar 
Arfenical  a. 


A.  of  fugar 


Vitriolic  a. 


A.  of  tartar 


Vol.  Alkali, 


the  humid  and  Sparry  a. 
the  dry  way.       ^  of  M 

A.  of  tartar 
A.  of  amber 
A.  of  f.  of  milk 
A.  of  lemon 
Phofphor.  a. 

A.  of  ants 
This    alkali !a.  of  milk 
agrees  with  the  A.  of  benzoin 
vegetable  in  thejAcetcus  ^cid 
order  of  its  at-|A.  of  borax 
traftionc,l'oth  in  Vol.  vitr.  a. 
the  humid  andlFurn.  nitr.  a. 
dry  .way  :    but  pixcd  air 
mere   heat  ex- 
pels it  from  the 
icids   of  phof- 
phorus,  borax, 
and  arfenic. 


Vitriolic  acid 
A.  of  fugar 
A.  of  amber 
A.  of  fpar 
Phofphor.  a. 


Pruffian  acid 


Nitrous  acid 
Marine  acid 
A.  of  fat 
A.  of  lemon 
A.  of  tartar 
A.  of  arfenic 


A.  of  amber 
Phofphor.  a. 

A.  of  f.  of  milk  A.  of  f.  of  railk  A 

Nitrous  acid 
Marine  acid 
A.  of  fat 
A.  of  fpar 
A.  of  arfenic 
A.  of  ants 

A.  of  milk 
A.  of  lemons 
A.  of  benzoin 
Acetous  acid 
Acid  of  borax 
Vol.  vitr.  a. 
Fum.  nitr.  a. 
Fixed  air 

Pruffian  a.         Pruffian  a. 
Water  Water 
Fat  oils  Fat  oils 

Sulphur  ^Sulphur 


A.  oi  ants 
A.  of  milk 
A.  of  benzoin 
Acetous  acid 
Acid  of  borax 
Vol.  ritr.  a. 
Fum.  nitr.  a. 

Fixed  air 


IN  THE  DRY  WAY. 


Mac  n  i  ii  a. 


Acid  of  fugar 


Phofphor.  a.  ■ 
Vitriolic  acid  I 
A.  of  fpar 
A.  of  fat 

.  of  arfenic  l| 
A.  of  f.  of  milk! 
A.  of  amber 
Nitrous  acid 
Marine  acid 
A.  of  tartar 
A.  of  lemon 
A.  of  ants 
A.  of  milk 
A.  of  benzoin 
Acetous  acid 
A.  of  borax 
Vol.  vitr.  a. 
Fum.  nitr.  a. 
Fixed  air 
Pruffian  a. 


Sulphur 


Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 
Vitriolic  acid 
Nitrous  acid 
Marine  acid 
A.  of  fat 
of  fpar 
of  amber 
of  ants 
of  milk 
of  benzoin 
Acetous  acid 
Barytes 
Lime 
Magnefia 
Clay 
Silex 
Sulphur 


S I  L  EX. 


In  the  Ho  mid 
Way. 

A.  of  fpar 
Veg.  alkali 


IiuIicDkyWay 

Fixed  alkali 
Phofphor.  acid 
Calx  of  lead 


Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 
Vitriolic  acid 
Nitrous  acid 
Marine  acid 
A.  of  fpar 
of  fat 
of  amber 
of  ants 
of  milk 
of  benzoin 
Acetous  acid 
Fixed  alkali 
Sulphur 
Calx  of  lead 


A. 
A. 
A. 
A. 
A. 


Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 
Vitriolic  acid 
A.  of  amber 
Nitrous  acid 
Marine  acid 
A.  of  fat 
A.  of  fpar 
A.  of  ants 
jA.  of  rriilk 
A.  of  benzoin 
Acetous  acid 
Fixed  alkali 
Sulphur 
Calx  of  lead 


Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 
Vitriolic  acid 
A.  of  amber 
Acid  of  fpar 
Nitrous  acid 
Marine  acid 
A.  of  fat 
A.  of  ants 
A.  of  milk 
A.  of  benzoin 
Acetous  acid 
Fixed  alkali 
Sulphur 
Calx  of  lead 


Phofphor.  acid 
A.  of  borax 
A.  of  arfenic 
Vitriolic  acid 
A.  of  fpar 
A.  of  fat 
A.  of  amber 
Nitrous  acid 
Marine  acid 
A.  of  ants 
A.  of  milk 
A.  of  benzoin- 
acetous  acid 
Fixed  alkali 
Sulphur 
Calx  of  lead 
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TABLE  VIII.  Simple  Ele&ive  Attradions. 
COMBUSTIBLE  SUBSTANCES  AND  WATER. 


IN  THE  HUMID  WAY. 


Water. 

Sulphur. 

Saline  Liver 
of  Sulphur. 

ArdintSpirit 

Ether. 

^g.  alkali 
in.  alkali 
<ol.  alkali 
rdent  lpirit 

Calx  of  lead 
C.  of  tin 
C.  of  filver 
C.  ot  mercury 

Calx  ot  gold 
C.  of  filver 
C.  of  mercury 
C.  of  arfenic 

Water 
Ether 

Effential  oils 
volatile  aiKdii 

Ardent  fpirit 
Elfential  oils 
Expreffed  oils 
Water 

(ild  vol.  alk. 
lauher's  fait 

C.  of  arfenic 
C.  of  antimony 

C.  of  antimony 
C.  of  bifmuth 

Fixed  alkali 
Saline  hepar 

Sulphur 

ther 

C.  of  iron 
Vcg.  alkali 

C.  of  copper 
C.  of  tin 
C.  of  lead 

Sulphur 

Vol.  alkali 

Barytcs 

Lime 

Magnefia 

C.  of  nickel 
C.  of  cobalt 
C.  of  manganefe 
C.  of  iron 

Expr  essed  Oil 

Essential  Oil 

"itriolic  acid 

Ether 

Effential  oils 
Fixed  alkalis 
Vol.  alkali 
Sulphur 

Ether 

Ardent  fpirit 
Fat  oils 
Fixed  alkalis 
Sulphur 

'itriolated  tartar 
.lum 

/lartial  vitriol 
'orrof.  fublimate 

Fat  oils 
Effential  oils 
Ether 

Ardent  fpirit 

Ardent  fpirit 
Water 

IN  THE  DRY  WAY. 

Fixed  alkali 

Iron 

Copper 

Tin 

Lead 

Silver 

Cobalt 

Nickel 

Bifmuth 

Antimony 

Mercury 

Arfenic 

Manganefe 

Iron 

Copper 

Tin 

Lead 

Silver 

Gold 

Antimony 

Cobalt 

Nickel 

Bifmuth 

Mercury 

Arfenic 

Four  of  the  columns  in  the  original  tables  of  Bergman  are  omitted  in  fhcfe,  viz. 
The  perlate  acid  ;  for  which  fee  page  209. 
Vital  air,  which  is  fuppofed  to  have  an  affinity  to  phlogifton  only. 
The  matter  of  heat;  for  which  fee  pages  6.  21. 
The  fcmimetal  fidcritc  ;  for  which  fee  page  3  rj. 


% 
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TABLE  IX.    Simple  Eledive  Attractions. 
PHLOGISTON  AND  METALS. 


1 

IN  THE  HUMID  WAY. 

Phlogiston 

Calx  of  Gold 

C.  ofSilver 

C.  of  Platina 

C.  or  Mer- 
cury. 

C.  of  Lead. 

Nitrous  acid 

Eiher 

Marine  acid 

Ether 

Acid  of  fat 

Vitriolic  acid  j 

Vitriolic  acid 

Marine  acid 

Acid  of  fat 

Marine  acid 

Marine  acid 

Acid  of  fat 

Dephl. marine  a. 

Aqua  regia 

Acid  of  fugar 

Aqua  regia 

Acid  of  fugar 

A.  of  f.  of  miiy 

Arfenical  acid 
Phofphor.  acid 

Nitrous  asid 
Vitriolic  acid 

Vitriolic  acid     Nitrous  acid 

A.  of  f,  ot  milk  Vitriolic  acid 

i 

Acid  of  amber 
Arfenical  acid 

A.  of  fugar 
Arfenical  acid  j 

Arfenical  acid 

Phofphor.  acid 

Arfenical  acid 

Phofphor.  acid 

Acid  of  tartar  j 

C.  platina 

Sparry  acid 

Nitrous  acid 

Sparry  acid 

Vitriolic  acid 

Phofphor.  acid 

C.  gold 

Acid  of  tartar 

Arfenical  acid 

Acid  of  tartar 

A.  of  f.  of  milk 

Marine  acid 

C  iilver 

Phofphor.  acid 

Sparry  acid 

Phofphor.  acid 

Acid  of  tartar 

Nitrous  acid 

C  mercury 

Acid  of  fat 

Acid  of  tartar 

Acid  of  fat 

Acid  of  lemon 

Sparry  acid 

C.  arfenic 

Pruilian  acid 

Acid  of  lemon 

Acid  of  fugar 

Nitrous  acid 

Acid  of  lemont 

C.  antimony 

Acid  of  ants 

Acid  of  lemons  .Sparry  acid 

Acid  of  ants 

C.  bifmuth 

Acid  of  milk 

Acid  of  anls 

Acetous  acid 

Acid  of  milk 

C  copper 

Acetous  acid 

Acid  of  milk 

Acid  of  borax 

Acetous  acid 

C.  tin 

Acid  of  amber 

Acetous  acid 

Pruffian  acid 

Acid  of  borax 

C.  lead 

• 

Pruffian  acid 

Acid  of  amber 

Fixed  air 

Pruffian  acid 

C.  nickel 

Fixed  air 

Fixed  air 

C.  cobalt 

Fixed  alkali 

Fixed  alkali 

C  manganefe 

Vol,  alkali 

Vol.  alkali 

('.  iron 

C  zinc 
Water 

N.  B.    In  the  antiphlogiftie 
theory,  the  column  intitled  Phlo- 
g'flvn  being  taken  in  a  reverfed 
order,  will  exprefs  the  elective 
attractions  of'  Vital  air. 

IN  THE  DRY  WAY. 

i  

UOID. 

Silver. 

Platina. 

Mercury. 

Lead. 

C.  of  platina 

Mercury 

Lead 

Arfenic 

Gold 

Gold 

C-  gold 

Copper 

Copper 

Gold 

Silver 

Silver 

Acid  of  arfenic 

Silver 

Mercury 

Copper 

Platina 

Copper 

C.  filver 

Lend 

Bifmuth 

Tin 

Lead 

Mercury 

C.  mercury 

Bifmuth 

Tin 

Bifmuth 

Tin 

Bifmuth 

C.  arfenic 

Tin 

Gold 

Zinc 

Zinc 

Tin 

C.  antimony 

Antimony 

Antimony 

Antimony 

Bifmuth 

Antimony 

(J  bifmuth 

Iron 

I  ron 

Nickel 

( lopper 

Platina 

C.  copper 

Platina 

Ma  'igancfe 

Cobalt 

Antimony 

Aifenic 

C.  tin 

7^inc 

Zinc 

Manganefe 

Arfenic 

Zinc 

C.  lead 
C  nickel 
C,  cobalt  ' 
C.  rranganefe 
C.  iron 
C.  zinc 

K'i  kel 

Arfenic  * 

Cobalt 

Man:;anefe 

Sa.  liv.  of  fulph. 

Arfenic 
Nickel 

Platina 

S.  1.  of  fulph. 
Sulphur 

Iron 

Lead 

Silver 

Mercury 

S.  1.  of  fulph. 

Iron 

S.  1.  fulph. 
Sulphur 

Nickel 
Iron 

S.  1.  fulphur 
Sulphur 
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TABLE  X.    Simple  Elective  Attractions. 
METALLIC  SUBSTANCES. 


in  the  humid  way. 


Calx  of 
Copper. 

Calx  of  Iron. 

Calx  of  Tin. 

— :  \- 

Calx  of  Bis- 
muth. 

Calx  of 
Nickel. 

Calx  of 
Arsenic. 

^..cid  of  fugar 

Acid  of  fugar 
Acid  of  tartar 

Acid  of  fat 

Acid  of  fugar 
Acid  of  arfenic 
Acid  of  tartar 
Phofphor.  acid 
Vitriolic  acid 
Acid  of  fat 
Marine  acid 
Nitrous  acid 
Fluor  acid 

Acid  of  fugar 
Acid  of  forrel 

Marine  acid 

ftucid  of  tartar 
Marine  acid 
I'^itriolic  acid 

^cid  of  tartar 

Acid  of  fugar 

Vitriolic  acid 
A.  of  f.  of  milk 
Marine  acid 
Nitrous  acid 

Marine  acid 
Vitriolic  acid 
Acid  of  fugar 
Arfenical  acid 
Phofphor.  acid 
Nitrous  acid 
Acid  of  amber 
Sparry  acid 
A.  of  f.  of  milk 
Acid  of  lemons 
Acid  of  ants 
Acid  of  milk 
Acetous  acid 
Acid  of  borax 
Pruflian  acid 

Fixed  alkali 
Vol.  alkali 

Marine  acid 

Vitriolic  acid 

Acid  of  tartar 
Nitrous  acid 

Vitriolic  acid 
Nitrous  acid 

|U.  of  f.  of  milk 
Mitrous  acid 

Acid  of  fat 
Acid  of  tartar 
Phofphor.  acid 
Acid  of  forrel 
Fluor  acid 
A.  of  f.  of  milk 
Acid  of  amber 
Acid  of  lemon 
Acid  of  ants 
Acid  of  milk 
Arfenical  ftcid 
Acetous  acid 

Pruffian  acid 

Volatile  alkali 
Unftuous  oils 

Water 

h\cid  of  fat 
[Urfenical  acid 
PPhofphor.  acid 
M.cid  of  amber 
.\Sparry  acid 
.■Acid  ot  lemon 
Acid  of  ants 
.  Acid  of  milk 

Acid  of  fat 
Phofphor.  acid 
Arfenical  acid 
Sparry  acid 
Acid  of  amber 
Acid  of  lemons 
Acid  of  ants 
Acid  of  milk 

Acid  of  fat 
Phofphor.  acid 
Fluor  acid 
A.  of  f.  of  milk 
Acid  of  amber 
Acid  of  lemon 

And  of  nnfrc 

Xl^lU   1/1     All  l  J 

Acid  of  milk 
Acetous  acid 

.  Acetous  acid 
Mcid  of  borax 
Pruffian  acid 

Acetous  acid 
Acid  of  borax 
Pruffian  acid 

Arfenical  acid 
Acid  of  borax 
Pruflian  acid 

Fixed  air 
Fixed  alkali 
Vol.  alkali 
Fat  oils 

Fixed  aix 

Aerial  acid 
Volatile  alkali 

IN  THE  DRY  WAY. 

Copper. 

Ikon. 

Tin. 

Bismuth. 

Nickel. 

Arsenic. 

Gold 
Silver 
Arfenic 
Iron 

Mangancfe 

Zinc 

Antimony 

Platina 

Tin 

Lead 

Nickel 

Bifmuth 

Cobalt 

Nickel 

Zinc 

Mercury 

Copper 

Antimony 

Gold 

Silver 

Lead 

Iron 

Manganefe 

Nickel 

Arfenic 

Platina 

Bifmuth 

Cobalt 

S.  1.  of  fulph. 
Sulphur 

Lead 

Silver 

Gold 

Mercury 

Antimony 

Tin 

Copper 

Platina 

Nickel 

Iron 

Zinc 

S.  1.  of  fulph. 
Sulphur 

Iran 

Nickel 

Cobalt 

Coppei* 

Iron 

Silver 

Tin  • 

Lead 

GUd 

Platina- 

Z-inc 

Antimony 

1  1.  of  fulph. 
Sulphur' 

Cobaljt 

Mangancfe 

Arfenic 

Copper 

Gold 

Silver 

Tin 

Antimony 

Platina 

Bifmuth 

Lead 

Mercury 

S.  1.  of  furphur 
Sulphur 

Cobalt 

Arfenic 

Copper 

Gold 

Tin 

Antimony 

Platina 

Bifmuth 

Lead 

Silver 

Zinc 

S.  1.  of  fulph. 
Sulphur  - 

Mercury 

Sal.  liv.  of  fulph. 

Sulphur 
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TABLE  XL    Simple  Elective  Attractions. 
METALLIC  SUBSTANCES. 


IN  THE  HUMID  WAY. 

Calx  of  Co- 
balt. 

Calx  of  Zinc. 

Calx  of  An  1 1- 

MONY. 

Calx  of  Man- 
ganese. 

Calx  or  Wol- 
fram. 

.  \  L  I VI  Ul  lUtal 

Acid  of  forrel 

And  of  fii'-nr 

Acid  of  fat 

Acid  of  fugar 

Lime 

Vitriolic  acid 

Marine  acid 
Acid  of  fugar 

Acid  of  forrel 
Acid  of  lemon 
Phofphoric  acid 
Acid  of  tartar 
Fluor  acid 

Vegetable  alkali 

Marine  acid 

Marine  acid 

Volatile  alkali 
In  the  Dry  Way. 

Vitriolic  acid 

Acid  of  f.  of  milk 
Nitrous  acid 
Acid  of  fat 

Acid  of  forrel 
Acid  of  tartar 
Phofphoric  acid 
Acid  of  lemon 
Acid  of  amber 
Fiuor  acid 
Arfenical  acid 
Acid  of  ants 
Acid  of  milk 

V  itnolic  acid 

Acid  of  tartar 
Nitrous  acid 

Nitrous  acid 
Acid  of  tartar 
Acid  of  forrel 
Acid  of  f.  of  milk 

Phofphoric  acid 
Acid  of  lemon 
Acid  of  amber 
Fluor  acid 
Arfenical  acid 
Acid  of  ants 
Acid  of  milk 
Acetous  acid 
Acid  of  borax 
Pruffian  acid 

Aerial  acid 

Acid  of  fat 
Phofphoric  acid 
Fluor  acid 
Acid  of  f.  of  milk 
Acid  of  amber 
Acid  of  lemon 
Acid  of  ants 
Acid  of  milk 
Acetous  acid 

Marine  acid 

Vitriolic  acid 

Fixed  alkali 

Nitrous  acid 
Acid  of  f.  of  milk 
Acid  of  amber 
Acid  of  fat 
Arfenical  acid 
Acid  of  arits 
Acid  of  milk 
Acetous  acid 

Pruffian  acid 
Aerial  acid 

Lime 

Calx  of  iron 
Calx  of  manganefe 

*  I  *  r»  1  c    fnltiTTir*  it 

additional.     It  is 
deduced  from  De 
Luyart's  Analyfis. 

Arfenical  acid 
Acid  of  borax 
Pruffian  acid 
Aerial  acid 

Volatile  alkali 

Acetous  acid 
Acid  of  borax 
Pruffian  acid 

Aerial  acid 
Volatile  alkali 

IN  THE  DRY  WAY. 

Cobalt. 

Zinc. 

Ant  i.MONY. 

Manc  ant.se. 

Wolfram. 

Iron 

Nickel 

Arfenic 

Copper 

Gold 

Platina 

Tin 

Antim6ny 
Zinc 

Saline  liv.  of  fulph. 
Sulphur 

Copper 

Antimony 

Tin 

Mercury 

Silver 

Gold 

Cobalt 

Arfenic 

Platina 

Bifmuth 

Lead 

Nickel 

Iron 

Iron 

Copper 

Tin 

Lead 

Nickel 

Silver 

Bifmuth 

Zinc 

Gold  ' 

Platina 

Mercury 

Arfenic 

Cobalt 

Sal.  liv.  of  fulphui 
Sulphur 

Copper 

Iron 

Cold 

Silver 

Tin 

■  Sal.  liv.  of  Ailp hut 

Iron 
Silver 
Tin 
Lead 

Antimony 

Bifmuth 

Manganefe 

Cold 

Pktina 
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TABLE  XII.    Numerical  Expreffion  of  At- 
tractions by  M.  Morveau. 


Vitriolic 
Acid. 

Nitrous 

Arirf 

Marine 
Acid. 

Acetous 
Acid. 

Aerial 
Acid  or 
Fix.  Air. 

ronderous  earth 

65 

02 

29 

H 

Tr                 i   i  Til* 

Vegetable  alkali 

02 

58 

32 

26 

9 

Mineral  alkali 

5% 

5° 

28 

25 

8 

Lime 

54 

44 

20 

J9 

12 

Volatile  alkali 

46 

38 

H 

20 

4 

Magnefia 

5° 

40 

16 

17 

6 

Argil,  earth 

40 

36 

10 

2 

TABLE  XIII.    Of  the  Proportion  of  Ingre- 
dients in  Earths  and  Stones. 

Calcareous  Genus. 


1 

100  Parts. 

Cakir. 

Argill. 

Silex. 

Mag. 

Wat. 

Iron. 

Calcareous  fpar 

55 

I  I 

— a 

Gypfum 

32 

38 

—I 

Fluor  - 

57 

Tungften 

50 

d 

Compound  fpar 

60 

35 

Cruetzenwald  ftone 

75 

12 

3/ 

Calcareous  marie 

501075 

2Ot03O 

20t03© 

Margodes 

5° 

32 

2 

Stellated  fpar  - 

66 

30 

3 

Calcareous  grit  or  "I 

5° 

h 

fand  ftone  J 

Swine  ftone 

95 

Pyritaceous  limeftone 

75 

14 

4/ 

Martial  tungften 

r,o  / 

-   ■  ■  -  ■  -  -   ■  ■ 

a  And  34  fixed  air.  — -  b  And  30  vitriolic  acid.   c  43  acid  and 

water.  —  J  50  acid  and  iron.   e  Both  earths  mild.  -f  Ditto.  

Z  And  water.  h  Or  more;  remainder,  filex,  argill.  and  iron.  


i  And  petrol. ;  remainder,  argill.  and  iron.  k  And  7  quartz  and  fulphur, 

that  is,  25  pyrites.  /  By  the  dry  way  only  30,  and  50  tungften. 

Barytic  or  Ponderous  Genus. 

ico  Parts. 

Mild  barytes       78  Earth,  20  fixed  air,  2  barofelenite. 
Barofelenite        84  Earth,  13  vitriolic  acid,  and  3  water. 
Hepatic  ftone      33  Barofelenite,  33  filex,  22  alum,  7  gyp- 
fum, 5  petroleum. 

Muriatic 
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Muriatic  or  Magnefian  Genus. 


ioo  Parts. 

Mild  magnena 
KefTckil  - 
Steatites 

Argillaceous  ftcatites 
wbaBt  of  Briancdn 
Soap  rock 
Albeltos 
Martial  anSeftos 
•mber  inontahum 
.-\mianthus 
Serpentine 
Talc,  Mufcovy 
Tale,  Venetian 


Silex. 

Calc. 

Magnefia. 

Argil  I 

Water. 

Iron. 

• 

— 

— 

48 

— 

22 

— * 

• 

— 

5° 

— 



— 

- 

8o 

— 

J7 

2 



I 

72 

— 

J7 

I  I 



— 

70 

17 

I  I 

70 

*7 

13 

63 

1 1 

20 

4 

n 

62 

1  2 

i.7 

IO/j 

59 

1  I 

24 

2,4 

3.6II 

64 

6,9 

18,6 

3.3 

45 

23 

18 

12 

3 

50 

45 

5 

Note,  The  magnefia 
in  all  the  above  ftones. 

*  At  a  medium,  and  30 
dium.  1!  At  a  medium. — 


a  larger  portion  of  argiil.  and  imailer 
of  magnefia. 
and  calcareous  earths  are  in  a  mild  flate, 


fixed  air. 
— ^  And  6  barytes. 


-+  And  2  of  talc. 


■t  At 


a  me- 


Arv'iHaceous  Genus. 


IOO  Paits. 

Pure  clay,  dry 
Argillac.  marl,  dry  ■ 
Fullers  earth 
Pouzzolana 
Tripoli 
Pure  mica 
Martial  mica 
Roof  flate  or  fhiftus 
Flagft.  or  argiil.  lhilb 
Horn-ftone 
Killas  - 
Toadftone 
Zeolyte 
Pitch-Rone 


Silex.  iArgilliCalcareous  Magnefia. 


63 
46 

53 

57 

90 

33 

34*5 
46 

3<> 
37 
60 

63 

60 

65 


37' 
27 

1 8 

20 

7 
28 

2  5.5 
26 

5<3 
2  2 

25 

H 
20 

16 


25  f 

5 
6 


4  mild 


7 

8 


20 
18 

8  mild 

[6 
9 


lion. 


4 

20 
3 

'4  II 

22 

'4 

4 

23 
6 

16 


5 


Water. 


r7 


12  $ 
14  «| 


Gronlien 


Horn-Rone  and  mica,  or  horn-Rone 
and  ihoerl. 

Stfillften       *  -  Mica,  quart/  and  argilL 

I3inc3a         -  -  Horn-ftone,  mica,  fhoerl,  quartz,  and 

pyrites. 

Growan        -         -  Argill.  mica,  and  quartz. 

*  At  a  medium,  wlien  perfectly  dry,  63  filiceous  +  Mild  at  a  medium. 

— 'II  White  calx  of  iron.  


I  And  marine  acid  at  a  medium, 
a  imdium.  -I  And  air. 


ij  At 


Siliceous 
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Siliceous  Genus. 


Silex. 

Argill 

Calcar. 

Magn. 

Iron. 

93 

6 

1 

— 

— 

80 

18 

2 

72 

22 

6 

75 

20 

1 

.  -1 

5 

84 

16 

— — 

1  . 

40 

mild  9 

.  1  , 

10 

39 

46 

ditto  8 

6 

40 

dit.  20 

- 

24 

60 

8 

,  ,, 

6 

35 

58 

5 

2 

95 

1,2 

0,4a 

b 

67 

14 

— 

8 

—  c 

55 

39 

6 

_ 

— 

48 

30 

12 

— 

10 

43>6 

1  -J  * 

27,6 

10 

l9 

48 

40 

5 

1 

5 

58 

27 

5 

1 

5 

6i,6 

6,6 

21,6 

c 

j 

37 

4? 

5 e 

52 

15 

8 

2 

25 

47>5 

3*>5 

— 

20 

47 

3° 

5 

18 

49 

35 

4 

- — 

12 

69 

22 

9 

■  84  or  90 

6  to  15 

-/ 

5°  ' 

30  mile 

20^ 

70 

5 

mild  25 

— /; 

■  70 

5 

dit.  20 

5' 

62,5 

do.37,5 

77 

20 

3i 

80 

1 

5 

100  Parts. 

'Cryftal 

[Flint  - 

Petrofilex 

Jafper 

Chalcedonian 

IRuby 

Topaz 

Hyacinth 

[Emerald  - 

•Sapphire 

;Chryfoprafium 

'Lapis  lazuli 

iFelt  fpar 

jVefuvian  garnet 

(Garnet 

(Martial  garnet 

Shoerl  tvanfparent 

Shoerl  black 

[Bar  fhoerl 

[Tourmaline 

jBafaltes 

Rowley  ragg 

Com  p.  and  cellular  lava 

Vitreous  ditto 
Another  from  Lapari 
Black  agate  of  Iceland  "I 
nearly  as  the  above  J 

IPumice  ftone 
Martial  muriatic  fpar 

jTurkey  ftone 

JRagg  ftene 
Siliceous  grit,  with  cal- 
careous cement 
Siliceous  ditto,  with  ar- 

1    gillaceous  cement  - 

jDitto,  with  ferruginous  1 

I    cement         -         -  J 


a  r,6  copper,  and  fparry  acid.  b  80  martial  fluor,  20  gypfum,  as  I 

fcclicve.  c  1 1  ponderous.  d  5  water.  e  At  a  medium. 

f  Remainder  calcareous.  g  As  I  believe.  h  As  I  believe, 

i  Aj  I  believe. — r— k  As  I  believe.  /  As  I  believe. 


Granite 
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Granite 

Stellften  ' 
Granitello    1  - 
Ivapakivi     -  - 
Granitone 
Murkllen 
Norka 

Porphyry- 
Pudding  ftone .  - 
Siliceous  breccias 


Gneifs:     -  ■      -  1  ■  - 

Amygdaloides    -  - 

Metallic  rock  of  Born 
Variolite  - 


Siliceous  Genus  continued. 

Quartz,  felt  fpar  and  mica. 
I  Quartz,  felt  fpar  and  fhoerl, 

Quartz  and  mica, 
j  Felt  fpar  and  mica. 

j"  Quartz,  garnet,  and  mica, 

f  Jafper,  chert,    lava,  fhoerl  containing 
-  -j      quartz,  felt  fpar,  fhoerl,  -mica,  or  fer- 
pentine  in  a  cryllalline  form, 
f  Jafper,  chert,  filiceous  grit,  or  lava,  con- 
]      taining  pebbles  of  an  oval  form. 

{The  fame  ground  and  contents,  but  in 
angular  forms. 
Quartz,  mica,  fteatites. 
Quartz,  mica,  ferpentine. 
Quartz,  mica,  fhoerl,  fteatites,  or  foap 
rock. 

Quartz,  felt  fpar,  mica,  ferpentine. 
Jafper,  or  chert,  containing  fpar  or  fer- 
pentine. 

Quartz,  clay,  and  fteatites,  and  felt  fpar 

fometimes. 
Serpentine,  containing  various  ftones, 


Proportion  of  Ingredients  in  Natural  Salts. 


Salt-:. 

Acids 

Alka. 

Earth 

Water. 

Tartar  vitriolate  - 

31 

63 

6 

Glauber's  fait 

H 

.2  2 

64 

Vitriolic  ammoniac  • 

42 

4O 

18 

Epfom  . 

24 

57 

Alum 

24 

18 

58 

Vitriol  of  iron 

20 

55 

Ditto  of  copper  - 

3° 

43 

Ditto  of  zinc 

22 

58 

'Nitre 

3° 

63 

7 

:Cubic  nitre 

29 

5° 

21 

'Nitrous  ammoniac 

46 

40 

H 

Nitrous  felenite  - 

33 
36 

32 

35 

Ditto  Epfom 

27 

.  37 

Salt  of  Silvius 

3° 

63 

7 

Common  fait 

33 

5° 

17 

Sal  ammoniac 

52 

40 

8 

Marine  felenite 

42 

38 

20 

Borax  purified 

34 

17 

47 

25  iron. 
27  copper, 
20  zinc. 


I  N  D  E  X.  j 


N 


D 


E 


X. 


A. 

j(W  CHROMATIC  telefcope,  369 

[a.  Acids,  124 

|  .id,  acetous,  460,  482 

f  .:\d  of  amber,  198 

:id  of  ants,  523 
I:  :id  of  apples,  43 1 
I.  id,  arfenical,  21 1,  359 
1:  id  of  benzoin,  4  ^5 
li  id  of  borax,  193 
li.id  of  camphor,  451 
I  id  of  cork,  451 
lidd  of  fat,  516 
l  id  of  galls,  43 2 
I  d  of  lemons,  428 
Bad,  marine,  173 
I  d,  dephlogifticated  marine,  176 
l|:  d  of  milk,  492 
mid  of  molybdena,  215 
Bed,  nitrous,  151,  156 
■Bed  of  phofphorus,  204 
jl.d,  Pruflian,  303 
Bod  of  filk  worms,  504 
Bed  of  fpar,  196 

Bud  of  the  ftone  of  the  bladder,  507 
Bed  of  fugar,  444,  449 — empyreu- 
■watic,  447 

H:iof  fugar  of  milk,  496 

Hci  of  tartar,  441 — empyreumatic, 

H  +6 

■diof  tin,  337 

Bui  of  tungften,  216 

I  111,  vitriolic,  140 

Hi  1  of  wood,  empyreumatic,  447 

■jmnantine  fpar,  108 

M-egation,  74 

BJ  'alkaline,  123 

■J  fixed,  183 

Bj  hepatic,  139 

BJ  inflammable,  95 

Bj  marine,  173 

k  nitrous,  94,  i$cj 
<Bj ,  phofphoric,  20  5 


N  n  a 


Air,  vital,  94 
Air,  vitriolic,  144 
Alembic,  36 
Alembroth,  26a 
Algaroth,  380 
Alkali,  114 
Alloys,  131 
Alum,  142 
Amalgam,  265 
Amber,  198 
Ambergris,  508 
Ammoniac,  fal,  120,  1/5 
Analyfis,  1 
Animals,  411 
Antimony,  263,  378 
Aqua  regia,  180 
Arfenic,  212,  356 
Atfaying,  130 
Afphaltum,  402 
Atmofphere,  93 
Attraction,  2,  3,  71,  78 
Aurum  mufivum,  342 

B. 

Balance,  59 
Balfams,  139 
Barbadoes  tar,  402 
Barytes,  105 
Bath,  38 
Beer,  464 
Benzoin,  434 
Bell  metal,  285 
Bezoar  mineral,  380 
Bile,  520 
Bifmuth,  349 
Bleaching,  177,  499 
Blood,  510 
Blow-pipe,  43 
Bones,  519 
Borax,  191 
Brafs,  288  . 
Bread,  461 
Bronze,  285 
Butter,  497 


I      N  D 


E  X. 


C. 

Calamine,  376 
Calcination,  33 
Calomel,  261,  263 
Camphor,  413 
Candles,  50a 
Caflius,  powder  of,  225 
Celfius,  30 
Cementation,  34 
Cerufe,  270 
Charcoal,  185,  454 
Cheefe,  494 
Chemiftry  defined,  1 
Cinnamel,  264 
Coating,  38 
Cobalt,  366 
Colcothar,  300 
Colouring  matters,  425 
Combination,  74 
Combuftion,  32,  94 
Concentration,  34 
■Crawford,  Dr.  11 
Copper,  278 
Cream,  497 
Crucibles,  35 
Cryftallization,  81,  12S 
Cucurbits,  35 
Cupellation,  23  r 

D. 

Detonation,  154 
Diamond,  405 
Digeftion,  34 
Diftillation,  34,  452 
Dutch  gold,  288 
Dying,  426 

E. 

Earths,  99 
Fggs,  497 
Eliquation,  273 
Elements,  75 
Elutriation,  345 
Eolipile,  97 
Ethers,  472 
Bthiops  mercurial,  264 
Eudiometer,  164 
Evaporation,  34 
Excrement,  507 
Lxtcnfion,  71 

F. 

Fahrsnheit,  30 

i 


Fermentation,  457 
Flefti,  514 
Flour,  419 
Freezing,  18 
Fuel,  38 

Fulminating  powder,  155 
Furnaces,  37 
Fufion,  34 

G. 

Gaftric  fluid,  522 
Glafs,  120 
Glue,  513 

Gluten,  vegetable,  42* 

Gold,  221 

Gravity,  72 

Grotto  del  Can*,  184 

Gum,  417 

Gunpowder,  154 

Gypfum,  104,  143 

H. 

Hair,  505 
Heat,  2,  5,  87 
Homberg's  phofphorus,  17c, 
Honey,  498 

h 

Jargon  of  Ceylonr  n« 

Jellv>  513 

Jet,  402 
nertia,  71 
Inflammation,  fpontaneous,  165,3 

34ii  39* 
Ink 

Integrant,  74 
Iron,  293 

K. 

Kermes  mineral,  381 
Kier,  his  acid,  169,  241 
KoumiG,  465 

L. 

Lac,  502 
Lead,  268 

Libavius;  fuming  liquor  of,  53I 

Light,  87 

Litharge,  269 

Liver  of  fulphur,  137 

Luna  cornea,  238 

Lunar,  caultic,  23  2 

Lutct,  39 

Mags' 


m. 

■Maznefia,  1*6 

Maliftery  of  biimuth,  35° 

Malt,  464  . 
Mangancfe,  3»° 

Matrafs,  35 
Mercury,  25  6 
Metals,  85,  Ii? 
Metheglin,  4&S 

Milk,  49 1 
Mines,  129 
Minium,  268 
Mixture,  74 
Molybdena,  2*5 


Nickel,  3  S3 
Nitre,  IS1 
Nooth,  Dr.  54 


Oils,  fat,  4*0 


O. 


vo 


ladle  or  effential,  W 


Orpiment,  358 


Parting,  *3* 
Peat,  40* 
Petroleum,  4** 
Pewter,  343 

phofphorus,  200 

Phlogifton,  89,  93 

Pit-coal,  402 

Pitch-blende,  39s 

Platina,  25 1 
Plumbago,  326—33* 

Polarity,  81  ,  6$ 

precipitate  per  fe,  *50>  -»  > 

Precipitation,  77 
Principles,  75'  83 

Proceffes,  33 

Pruflian  blue,  302 

Putty,  346 

Pyrites,  135 


Receivers,  3" 
Rectification,  34 
Regulus,  ilS 
Refms,  4a3 
Rcfpiradon»  94 

Retorts,  35  1 
Roafting,  33 


Salt,  common,  17° 

Salts,  85  , 
Saturation,  7° 

Serum,  5 11 
Siderite,  313 
Silk,  S°4 
Silver,  236 
Smalt,  37° 
Smell,  4*4 

Soap,  xig 

Solder,  i29»  *73 

Solvent,  7  & 

Sorrel,  fait  of,  44*  , 

Speculum  metal-,  2»5 

Spelter,  377 

Starch,  420 
Steam,  17 
Steel,  3i0 

Sugar,  41?,  , 
&     -r,f  lead,  271 

 of  milk,  494 

Sulphur,  135 
Sufpenfion,  75 


Quartation,  232 


Realgar,  358 
Rg^mW,  3» 


Synthefis 


—red, 


T. 
eral,  401 


10,  16,  23»  ica 


Tallow,  mm 
Tartar,  43  7 »  4" 
Temperature,  to 

Terms,  4 
Thermometer, 

Tin,  334 
Tin  plate,  3 T3 
Touch-needles,  233 
Tree  of  Diana,  243 

Tungften,  215 

Turbith  mineral,  25s 

U,  v. 

Uranite,  or  uranium,  398 

Urine,  506  VegetoMw, 


Vegetable j,  410 
Verdigris,  281 
Vermilion,  264 
Vinegar,  460 


water,  76,  9< 
Wax,.  498  ^ 
Weights,  65 
Welding,  tSz  lH 
Wine>  463 


^      JO      E  X. 

Wolfram,  2l6,  Jg4 
Wool,  505 

Y, 

Yeaft,  459,  46r 
Z. 

ZafFre,  370 
Zinc,  37a 


